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Abstract  
 
Racism and the ways in which it operates are important areas of research in ethnically diverse 
societies, such as Australia. While much attention has been given to the outcomes of systemic 
racism in Australian health and criminal justice systems, minimal attention has been given to 
systemic racism operating through exposure to environmental hazards. This research area, 
known as ‘environmental racism’, has received substantial attention in the US and elsewhere. 
Using 2011 Census data and 2011/12 National Pollutant Inventory data, this study aimed to 
address this paucity of research by investigating the correlations between ethnicity and 
exposure to airborne emissions in Greater Sydney. The influence of other population 
variables, particularly socio-economic status, on correlations between ethnicity and exposure 
to pollution was also examined. Furthermore, the influence of varying scale, population 
estimation methods and pollution measures were investigated. The study found that the ethnic 
majority (Anglo-European/‘white’ Australians) are least likely to live in areas with exposure 
to airborne emissions. By contrast, ethnic minority migrants are most likely to live in areas 
exposed to high levels of airborne emissions. These findings are partly a result of the 
relationships between ethnicity and socio-economic status, but this is subject to the scale and 
population estimation methods adopted. The study demonstrates the presence of racial 
hierarchies in Greater Sydney operating through racially differential exposure to airborne 
emissions. Furthermore, this study makes an important methodological contribution by 
demonstrating the importance of accounting for the influence of scale and population 
estimates in future environmental racism studies. 
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Chapter 1: Introduction 
 
Environmental racism research is concerned with the inequitable exposure of ethnic and/or 
racial minorities to environmental hazards, such as industrial pollution. Despite significant 
research on environmental racism in the US and Europe, limited academic attention has been 
given to this issue in Australia. This study aims to address this paucity of research by 
investigating the correlations between ethnicity and the proximity of individuals to airborne 
pollutants in Greater Sydney. Using Australian Bureau of Statistics (ABS) Census data from 
2011 and data from the National Pollutant Inventory (NPI) for 2011-12, this study examines 
the statistical correlations between various ethnicities and exposure to airborne pollutants. It 
also explores the influence of various population variables on these relationships and the 
influence of scale, population estimation methods and pollution measures. This chapter 
introduces and outlines the terms relevant to this study, including ‘environmental racism’ and 
‘racism’, and explains how they are understood in contemporary research. It also outlines 
previous research into racism conducted in Australia, as well as the ethnic characteristics of 
Australia and Greater Sydney. The chapter concludes by outlining the aims of this study and 
the structure of the thesis. 
 
1.1 Understanding race and racism 
 
Race can be defined as: 
 
A historical means of social classification and differentiation that attempts to 
essentialize political and cultural differences by linking physical traits (i.e. skin, 
blood, genes) and social practices (i.e. religion, violence, passion) to innate, 
immutable characteristics (Kosek, 2009a p.615).  
 
Race is well-understood in the contemporary social sciences as a social and cultural 
construction, rather than an inherent biological fact. The above definition acknowledges how 
the process of racialisation is a social one, a way of signifying social interests by categorising 
individuals according to types of physical appearance (Pulido, 2000). Consequently, how race 
is conceptualised is both a product of historical processes and malleable depending on social 
and various other forces (Pulido, 2000; Jayasuriya, 2002; Forrest and Dunn, 2006b). Linked 
closely to race is ethnicity, which is defined as: 
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 [A] common cultural heritage shared by a particular group. Heritage includes similar 
history, language, rituals and preference for music and foods. In practice, the term 
race, when defined as a social category, overlaps with ethnicity (Paradies et al. 2009, 
p.24). 
 
This study gives focus to ethnicity over race, since the Australian Census eschews broad 
racial categories. However, as much environmental racism research (particularly from the 
US) has focused on racial categories, the term ‘race’ is used when referring to existing 
research.  
 
Like race, racism is understood to be dynamic and complex. Racism can be defined as:  
  
A phenomenon that results in avoidable and unfair inequalities in power, resources or 
opportunities across groups in society. It can be expressed through beliefs, prejudices 
or behaviours/practices and can be based on race, ethnicity, culture or religion 
(Paradies et al. 2009, p.7) 
 
Three levels of racism exist and have been the focus of social science research. The first, 
which is the most readily recognised, is interpersonal racism. This involves direct 
discrimination, perceived in the interactions between individuals, as a result of how those 
individuals are racialised. A common example is where an individual experiences racial 
abuse (VicHealth, 2007; Paradies et al. 2008). The second is internalized racism, where an 
individual accepts as their worldview, an ideology of one’s own inferiority (and the 
superiority of others) as a consequence of their race/ethnicity (VicHealth, 2007; Berman and 
Paradies, 2010). The final form – which is of greatest relevance to the present study – is 
systemic or institutional racism, where policies and procedures enacted by institutions 
disadvantage or privilege groups along racial or ethnic grounds. Systemic racism can be 
explicitly expressed through policies that intentionally privilege or disadvantage ethnic 
groups. Examples of this include the White Australia policy which restricted the passage of 
immigrants from outside of Europe until the 1960s (Dunn et al. 2004).  
 
Racism can be expressed through intentional discrimination, but it can also be inadvertent. 
Thus it is not necessary for racist actions to be part of an ideology which racialises groups 
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and deems them ‘inferior’ (Paradies, 2006; Berman and Paradies, 2010). Contemporary forms 
of systemic racism often result from the ethno-centric viewpoints of decision-makers. Policy 
or institutional principles may be applied equally and assumed to be true and fair, they often 
privilege the ethnic/racial majority and disadvantage minorities. Consequently, the results 
may lead certain populations, by race/ethnicity, to be disadvantaged (Pulido, 2000). An 
example of this is when healthcare systems provide better care to wealthier individuals. This 
perpetuates poor health amongst Indigenous Australians, who often experience socio-
economic disadvantage as a legacy of historical and contemporary processes of 
discrimination and exclusion (Berman and Paradies, 2010).  
 
1.2 Racism research in Australia 
 
Racism research in Australia has focused most heavily on interpersonal racism, for instance 
through representative surveys documenting exposure to racism (Paradies and Cunningham, 
2009; Grigg and Manderson, 2015). The main priority of existing research on systemic 
racism in Australia has been to examine its existence and effects in healthcare provision and 
health promotion (Johnstone and Kanitsaki, 2008; Durey et al. 2011; Sherwood, 2013); 
education (Sonn et al. 2000; Wang et al. 2015) and the legal/criminal justice system (Blagg et 
al. 2005). Such research has demonstrated the prevalence of racism as well as its harmful 
effects on disadvantaged populations – particularly Indigenous Australians, migrants and 
refugees (VicHealth, 2007; Paradies et al. 2008).  
 
One area of racism that has been given little focus in Australian research is environmental 
racism. Environmental racism is defined as: “Differential exposure to harm and limiting of 
access to resources that are reliant on, or that reproduce forms of, racial differentiation” 
(Kosek, 2009b, p.203 emphasis in original). Typically this takes the form of differential 
exposure to waste and pollutants across ethnic/racial groups. Environmental racism can be 
understood to be a form of systemic racism as differential exposure to environmental hazards 
typically results from historical institutional actions and contemporary policies and principles 
that reproduce established legacies of socio-economic disadvantage (Bullard, 1996; Pulido 
2000). Actions undertaken with non-racist intentions may perpetuate and reproduce 
ethnic/racial differentiation (and disadvantage) by unintentionally exposing certain racialised 
groups to greater environmental hazards. An example of this is the siting of waste facilities in 
neighbourhoods with the lowest land values. These areas are often populated by the most 
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disadvantaged community members, including ethnic/racial minorities. An extended 
discussion of the concept of environmental racism, and of existing research in this field, is 
undertaken in Chapter 2. 
 
1.3 Ethnic diversity in Australia and Sydney 
 
Australia’s ethnic composition and geographies demand greater attention be given to 
investigating environmental racism. Australia is the fourth largest immigrant receiving 
country of the past 150 years (Burnley 2001, p.4). Over 26 per cent of Australia’s population 
identified as overseas-born in the 2011 Census (ABS, 2013a) and over 40 per cent of 
Australians are either first or second generation migrants (Khoo, 2011, p.103). The figures in 
Sydney are even higher. In 2011, over 36 per cent of Sydney’s population was overseas-born 
and that less than 39 per cent of people reported having Australian-born parents (ABS, 
2011a). Sydney receives the highest number of incoming migrants of any Australian city 
(Hugo, 2011, p.18). Australia’s population is also highly ethnically diverse. In recent 
decades, traditional waves of migration from north-western and southern and eastern Europe 
have given way to large intakes from China, India, the Philippines and Vietnam – among 
others (Department of Immigration and Border Protection (DIBP) 2014, p.89).  
 
Compared to countries where significant research on environmental racism has been 
undertaken (especially the US and UK), Australia has a unique geography, population 
distribution and ethnic composition. Established understandings of environmental racism may 
therefore vary in the Australian context. Two-thirds of all Australians, and 82 per cent of all 
overseas-born Australians, live in capital cities (ABS, 2012). Outside of capital cities, most of 
Australia’s population is concentrated on the South-East, East and South-West coasts.  
Furthermore, Australia’s ethnic residential geographies are unique. Compared to other 
industrialized, Western countries of high immigration, Australia has minimal residential 
segregation between ethnic groups (Forrest et al. 2006; Johnston et al. 2007; Forrest and 
Dunn, 2010). Sydney, in particular, has one of the lowest recorded levels of segregation 
based on ethnic differences, with less than ten per cent of the ‘host’ (Anglo-Australian) 
population living in areas where they make up 80 per cent or more of the local population 
(Forrest and Dunn, 2010, p. 90). Nonetheless, there are still distinct ethnic residential 
geographies across Sydney, with some areas being more ethnically diverse than others. A 
study by Tindale et al. (2014) demonstrated that the statistical subdivisions (SSDs) of Outer 
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Western Sydney, the Northern Beaches and Gosford-Wyong had low levels of ethnic 
diversity, while the SSDs of Central Western Sydney; Fairfield-Liverpool and Canterbury-
Bankstown had a high level of ethnic diversity. These trends are important in terms of 
investigating environmental racism as ethnic/racial hierarchies can be expressed spatially, 
with certain groups residing in areas more exposed to environmental hazards.   
 
1.4 Research aims 
 
As a result of the paucity of studies focusing on environmental racism in Australia, as well as 
the uniqueness of Australia’s ethnic and urban geographies, this project has three specific 
aims: 
 
1. To analyse basic statistical correlations between ethnicity, socio-economic status and the 
geographic location of pathogenic environmental variables in Greater Sydney. 
2. To determine complex spatial correlations between ethnicity, socio-economic status and 
environmental variables in Greater Sydney.  
3. To explore how these results differ depending on the spatial scale and resolution of 
analysis. 
 
Chapter 2 reviews literature on the emergence of environmental racism as a concept and how 
this has changed over time and across space – as studies have emerged in new national 
contexts. This discussion highlights the importance of environmental racism research for 
examining racial and other social hierarchies. Chapter 3 outlines the methods adopted in this 
study to assess relationships between airborne pollution, ethnicity and other population 
variables. Chapters 4 and 5 outline the results of the statistical analyses conducted in this 
study. Chapter 4 presents the measured univariate correlations between population variables 
(including ethnicity) and exposure to airborne emissions. Chapter 5 examines which 
population variables significantly influence the relationship between ethnicity and exposure 
to airborne emissions. Chapter 6 outlines the conclusions and limitations of this study 
regarding environmental racism in Greater Sydney, as well as avenues for future research.   
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Chapter 2: Literature Review 
 
2.1 Introduction 
This chapter discusses the context and theories which have informed environmental racism 
research. A brief discussion of the origins of this body of research, in the US environmental 
and civil rights movements, is provided. Changing understandings of environmental racism – 
in keeping with the social scientific definitions of racism outlined in Chapter 1 – are 
discussed. The chapter also explains how the foci of environmental racism studies have 
shifted over time, informing a broader body of research known as environmental justice. It 
concludes with a discussion of environmental justice research in Australia.  
 
2.2 Historical context of environmental racism research  
 
The field of environmental racism research has its origins in various struggles for justice from 
the 1960s onwards regarding the location of pollution and affected populations. The 
environmental racism and justice movements originated as a result of the ‘marriage’ of the 
civil rights and environmental movements in the US, as explained below. The environmental 
movement is understood to have started in the 1950s as a result of increasing public scrutiny 
of the health effects of industrialisation and modernisation (Heinz, 2005; Eady, 2007). The 
movement gained widespread attention after the publication of ‘Silent Spring’ in 1962 by 
Rachel Carson, which examined the long-term effects of pervasive pesticides (McGurty, 
2005).  Concerns about possible ‘side effects’ of pollution led to the creation of influential 
environmental organisations, including the Environmental Defence Fund (Now 
‘Environmental Defence’) in 1967 (Eady, 2007). However, the environmental movement 
found opposition from the civil rights movement of the 1960s and 1970s. Many 
environmental organisations had evolved from hunting and mountaineering clubs consisting 
of elite whites (Heinz, 2005; Eady, 2007). At best, these organisations gave little attention to 
minority populations. At worst, they actively and openly excluded non-whites. The priorities 
of the environmental movement also did not reflect those of civil rights groups, which were 
largely based in urban areas and were more concerned with social problems such as poverty 
(McGurty, 2005; Eady, 2007). To many civil rights activists in the 1960s, the focus of 
environmental movements on wilderness values and preserving countrysides was a 
distraction from more pressing concerns affecting minorities (Eady, 2007). 
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It was not until 1982 that the civil rights and environmental movements converged on a 
common issue. This occurred in response to evidence that a PCB  (polychlorinated biphenyl) 
disposal facility had been built 15 feet above the water table  in Warren County, North 
Carolina (US law stated that the minimum had to be 50ft). This was of concern to civil rights 
activists because it was in a predominantly African American populated county (Kosek, 
2009b). After this incident, the civil rights movement increased its engagement with 
environmental concerns, embracing some of the principles of the environmental movement 
(McGurty, 2005). At the same time, environmentalists began to frame environmental justice 
issues in terms of civil rights language, focusing on oppression rather than being limited to 
the preservation of wilderness (Heinz, 2005).  
 
2.2.1 Early environmental racism research 
The Warren County incident was the catalyst for a number of studies aiming to quantify the 
presence of pollution and industrial facilities in primarily ethnic/racial minority 
neighbourhoods. The presence of these hazards was first referred to as ‘environmental 
racism’ by the Rev. Ben Chavis, the director of the United Church of Christ’s (UCC) 
commission for environmental justice (Kosek, 2009b). A subsequent General Accountancy 
Office (GAO) report (1983) and a UCC study (1987) examined which populations lived in 
neighbourhoods next to waste and industrial facilities. The GAO (1983) report examined the 
locations of hazardous waste landfills in the US Environmental Protection Agency’s (EPA) 
Region IV, finding that three of the four landfills were located in Census tracts with a 
majority African American population. These tracts also had a majority population below the 
poverty level (GAO, 1983). The UCC (1987) study found that, across the US, African 
Americans and Latinos were more likely to reside near commercial hazardous waste sites 
including landfills, disposal and treatment plants.   
 
These studies were the catalyst for a number of further investigations aimed at determining 
the presence of ‘environmental racism’. They aimed to achieve this by analysing the racial 
characteristics of the residential areas in which sources of pollution were located. Evidence of 
overexposed African American and Latino populations, relative to white populations, was 
found at various locations (Bullard, 1983; Bullard, 1990; EPA, 1992; Bullard, 1996). The 
next section details criticisms made by researchers over the methods and conclusions of these 
initial studies. Particular attention is given to how racism is defined and understood (as 
discussed in Chapter 1).  These understandings inform environmental racism and justice 
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research and provide the backdrop by which empirical studies, such as this one, can be 
properly understood. 
 
2.2.2 Opposition to findings of environmental racism  
After early studies reported that ethnic/racial minorities were over-exposed to pollution, 
researchers began to question whether their conclusions could be deemed evidence of 
‘environmental racism’. Some of these concerns were methodological. One major criticism 
was that the spatial unit used by most of these studies (5-digit zip codes) was not the most 
precise statistical unit of measure (Anderton et al. 1994; Bowen and Wells, 2002). When 
more precise statistical area units were used, the relationships between race and the location 
of polluting facilities changed significantly (Anderton et al. 1994; Baden et al. 2007).  
 
Others began to question whether the term ‘environmental racism’ was appropriate. Central 
to these arguments was the idea that ‘racism’ required racist intent. Only if waste facilities 
were placed in areas with predominantly minority populations out of racial prejudice, could 
such findings be described as evidence of racism (Szasz and Meuser, 1997; Bowen and 
Wells, 2002). Questions were raised regarding causality and the role of socio-economic status 
in influencing the siting of industrial facilities.  Housing was cheaper around industrial 
facilities and industrial workers tended to live close to these facilities.  The argument was that 
poor, minority populations moved to these areas to find jobs and affordable housing.  Thus 
the siting of facilities may have had more to do with market forces than race (Been, 1994; 
Szasz and Meuser, 1997; Bowen and Wells, 2002). Several studies attempted to determine 
whether race or class was a more significant driving force in the siting of pollution point-
sources through the use of multivariate analysis. Been’s (1994) focused on the 1983 GAO 
study, as well as a study by Bullard (1983), which found a disproportionate number of waste 
disposal facilities in areas predominantly populated by African Americans. Been (1994) 
concluded that market dynamics significantly influenced the findings of Bullard (1983)., 
Likewise, Sadd et al.’s (1999) study of airborne emissions in Southern California concluded 
that economic characteristics played a more significant role in influencing the location of 
industrial facilities than the presence of African Americans. Other objections were raised 
over the fact that environmental racism studies did not account for the population 
demographics at the time of siting, as waste facilities may have been placed in an area when 
it was not dominated by ethnic/racial minority populations (Been, 1994). Szasz and Meuser 
(1997) noted that the lack of time-lapse and economic factors analyses provided little insight 
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into how ethnic/racial minority populations came to be disproportionately exposed to waste 
facilities and pollution. 
  
 2.2.3 Bringing social scientific understandings of racism into environmental racism research 
This understanding of ‘racism’ as requiring intent was questioned by social scientists who 
drew attention to the significance of institutional and historical racism (Pulido et al. 1996; 
Pulido 1996; 2000).  As discussed in Chapter 1, contemporary understandings of racism 
extend beyond intentional actions that create and reproduce inequalities on ethnic/racial 
grounds. Institutional procedures and policies that produce or reproduce inequitable outcomes 
(across ethnic/racial groups) can be recognised as racist – irrespective of their intent.  
 
Pulido (1996; Pulido et al. 1996; Pulido, 2000) drew attention to the role of racist social 
orders and ‘white privilege’ in shaping ethnic/racial residential geographies in the US, and 
thus the over-exposure of minorities to polluting facilities. Pulido (et al. 1996; Pulido, 2000) 
discussed racist historical processes relating to neighbourhood settlement, such as 
suburbanisation in the 19th and early 20th Centuries, which led low poor Latinos and African 
Americans to reside in the city centre of Los Angeles. For Pulido (et al. 1996; Pulido, 2000), 
the initial racial hierarchy behind the establishment of segregated neighbourhoods, set up in 
the 19th Century, meant that even after such policies were discontinued the distribution of 
populations continued upon the racially motivated grounds they had been established on. 
White populations of all classes moved into the outer suburbs of Los Angeles and racial 
minorities were relegated to the inner city. Zoning laws of the time entrenched these 
settlement patterns and Industrial facilities were located in poorer residential areas due to 
pricing, perpetuating disadvantage into the present. The siting of industrial facilities was 
arguably predicated on established economic principles, and thus was not intentionally 
discriminatory.  Nevertheless, it reinforced and reproduced the low status of certain 
neighbourhoods (with high populations of Latinos and African Americans), and increased 
residents’ exposure to environmental pollutants (Pulido, 2000). A focus on the siting of 
individual facilities, their intent and timing, misses the role of space in reproducing patterns 
of disadvantage (by ethnicity/race) through its position in an established social order (Pulido, 
2000). The result is a reproduced racist social order, where minority populations continue to 
be exposed to environmental hazards, but no action is taken because the influence of race is 
denied. Additionally, recent related studies focusing on ‘procedural justice’ have drawn 
attention to the democratic procedures behind the location of environmental. Particular 
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attention has been given to understanding which stakeholders are involved in decision-
making processes (Hunold and Young, 1998; Walker, 2012). If minorities are 
underrepresented in decision-making processes then white privilege often remains 
unchallenged. These insights demonstrate how cumulative injustices and systemic processes 
that affect ethnic/racial groups unequally must be acknowledged as racist, irrespective of 
intent. Such inequalities require ongoing investigation to inform policy and advocacy on 
overcoming environmental injustices.  
 
2.3 The emergence of ‘Environmental Justice’ 
 
The findings of early environmental racism studies gathered the attention of researchers 
outside the US. While they initially focused on the distribution of hazards relative to certain 
racial populations, these studies also extended to new hazardous environmental phenomena 
and different populations of focus. This broader field of research has come to be known as 
environmental justice. Environmental justice is defined as encompassing the “right of 
everyone to enjoy and benefit from a safe and healthy environment, regardless of race, class, 
gender and ethnicity” (Kosek, 2009c, p.201).  
 
Studies in the UK, which is one of the countries to strongly embrace environmental justice 
research, have given greater focus to socio-economic disparities rather than race and ethnicity 
(Walker et al. 2005). This resulted from the UK political and social context which was more 
focused on issues of class than race due to the lack of a strong civil rights movement. UK 
based studies also tended to focus on different environmental phenomena (beyond industrial 
facilities), giving particular attention to flood risk, service provision and other hazards 
(Walker et al 2003; Fielding and Burningham, 2005; Walker et al. 2007; Walker 2009). 
Methods for dealing with environmental injustices also focused on policy and government 
rather than grassroots activism approach in the UK (Bulkeley and Walker, 2005; Walker, 
2012). Furthermore, a global focus on environmental justice was developed (Stephens et al., 
2001) seeking to include international concerns such as climate change, resource extraction 
and intergenerational justice issues into environmental justice research (Walker, 2012).  
 
In South Africa, where significant research attention has been devoted to environmental 
racism, the focus has been on relationships between race, spatial segregation and the 
establishment of informal settlements, as well as access to, and control of, environmental 
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resources (Debanne and Keli, 2004; Dixon and Ramutsindala, 2006). These concerns reflect 
South Africa’s recent history of Apartheid. In other parts of the world Studies have been 
somewhat sporadic. Harper et al. (2009) focused on Roma communities in Central Europe, 
finding evidence that they were being confined to environmentally hazardous and 
disadvantaged spaces. Raddatz and Mennis’s (2013) quantitative empirical study in 
Hamburg, Germany, found evidence that migrant populations were more likely to reside 
nearest to toxic release facilities. Meanwhile, Fan (2012) studied attempts by Indigenous 
Taiwanese populations to be included in decision-making processes regarding the siting of 
waste facilities. Importantly, as the remit of environmental justice research has expended, 
particular attention has also been given to populations defined by age (Chaix et al. 2006; 
Walker and Bulkeley, 2006; Carrier et al. 2014), disability (Charles and Thomas, 2007) and 
gender (Buckingham et al. 2005).  
 
Recent research attention has extended beyond harmful environmental hazards to salutogenic 
(or positive) environmental variables that could advantage certain populations. In particular, 
the presence of greenspace in an area has garnered attention in the environmental justice 
literature, due to health and psychological benefits (Kimpton et al. 2014). There have also 
been recent attempts to map statistical areas affected by multiple environmental factors 
(pathogenic and salutogenic). Studies by Richardson et al. (2011; 2013) and Pearce et al. 
(2010) used multi-factorial analysis to map how different statistical areas were affected by air 
pollution, greenspace, UV exposure and temperature. While these are important areas of 
research, they are not the focus of this study for two key reasons. First, the health benefits of 
exposure to green space are not conclusive. The exact benefits of green space are culturally 
specific: diverse understandings of outdoor spaces mean that their benefits are not felt evenly, 
even by individuals living in the same area (Kimpton et al. 2014). Questions over the quality 
and upkeep of green spaces have also been raised (Astell-Burt et al. 2014a; 2014b). Second, 
given the paucity of overall research on environmental racism in Australia (as discussed in 
the following section), and the necessary limitations of an honours thesis, this study has 
directed its energies towards contributing to that specific research gap. 
 
Even as new phenomena have been examined and new conceptualisations of environmental 
justice proposed, the findings have mostly remained consistent with those of early 
environmental racism research. The general consensus is that ethnic minorities and 
populations of lower socio-economic status are the most exposed to environmental hazards 
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and benefit the least from salutogenic factors (Chakraborty et al. 2011; Taylor, 2011; Kruze 
et al. 2014). In response to critiques of the methods used in early environmental racism 
studies, more sophisticated methods have been developed. These are discussed in greater 
detail in Chapter 3. Currently, the greatest debate in environmental racism and environmental 
justice research is not in regards to the proximity of hazards, but in terms of the relationship 
between proximity to hazards and health outcomes (Brender et al. 2011; London et al. in 
press). New research is giving greater attention to the health consequences of exposure rather 
than just proximity to pollutants. This emerging body of literature makes a clear case that 
environmental racism, and other forms of environmental injustice, matter because they affect 
the health outcomes and life chances of affected communities.  
 
2.4 Environmental racism and environmental justice research in Australia 
 
Unlike the US and Europe, empirical scholarship focusing on environmental racism and 
environmental justice is scarce in the Australian context. A small number of publications in 
Australia have discussed environmental racism and/or justice from a conceptual or qualitative 
perspective, and have foregrounded procedural justice (Lloyd-Smith and Bell, 2003; 
Higginbotham et al. 2010; Fincher and Iveson, 2012; Dobbie and Green, 2015). For instance, 
Hillman (2004; 2006) focused on the application of principles of environmental justice to 
river management practices in Australia. His research examined the historical positioning of 
landholders and river engineers as the primary stakeholders in river management decision-
making processes, and the inequitable outcomes for local populations resulting from 
differentiated river health outcomes. Byrne and MacCallum (2013) focused on how historical 
urban planning processes and suburbanization in Australia have resulted in migrant and 
Indigenous populations being located in the inner cities where they are disproportionately 
exposed to various environment hazards. However, they did not undertake any quantitative 
analyses demonstrating the statistical significance of this disproportionate exposure. 
Higginbotham et al. (2010) examined how the health concerns of residents of the Upper 
Hunter region were disregarded by political leaders in the decision-making process regarding 
the siting of open-cut coal mining facilities. Discussion focused on the historical and 
economic links between state government authorities and the coal mining industries revenue 
and the hesitancy of health officials to get involved among other factors. Consequently, 
inequitable procedural and health-based outcomes resulted as townspeople were affected by 
air pollution from the facilities due to their lack of political and social status. Higginbotham 
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et al. (2010) also acknowledged the lack of attention to environmental justice given in 
Australian academic research. Specifically, Australian research has thus far paid little 
attention to distributive justice (that is the location of environmental hazards relative to 
populations of interest) and quantitative empirical analyses.  
 
Australia’s first quantitative empirical study of environmental racism, conducted by 
Chakraborty and Green (2014), related Indigenous status and socio-economic status to the 
location of polluting facilities (including farms, factories and so on) across Australia. It aimed 
to initiate further quantitative empirical research in environmental racism and justice in 
Australia, particularly in the wake of several documented instances of extreme pollution 
heavily affecting poorer and Indigenous populations. Using a variety of statistical methods 
and ranking methods to measure exposure to pollution, Chakraborty and Green (2014) 
examined exposure to airborne emissions (based on National Pollution Inventory data) across 
Australia. Similarly to the present study, Chakraborty and Green (2014) examined the 
correlations between ethnicity (focusing on Indigenous populations), socio-economic status 
and the location of airborne emissions using methods styled to emulate statistical techniques 
used in US environmental racism studies. They found evidence that Indigenous and low 
socio-economic status populations were disproportionately exposed to airborne emissions.   
 
A more recent empirical study conducted by Knibbs and Barnett (2015) also focused on 
Indigenous populations and socio-economic status, in their case in major urban areas across 
Australia. Using Land-Use Regression (LUR) modelling, they examined correlations between 
these groups and levels of ambient Nitrogen Dioxide (NO₂), an airborne pollutant that is a 
major component of ambient pollution and a strong indicator of industrial processes. 
Focusing on a larger geographic scale to Chakraborty and Green (2014), they found statistical 
evidence that lower socio-economic status was significantly associated with higher exposure 
to NO₂, while non-Indigenous populations were likely to be less exposed. The present study 
responds to calls by Chakraborty and Green (2014) and Knibbs and Barnett (2015) to expand 
empirical research into environmental racism and justice in Australia. As explained in 
Chapter 3, this study has closely followed the methods used by Chakraborty and Green 
(2014), while giving more attention to the complexities of ethnicity (beyond the 
Indigenous/non-Indigenous binary). Thus, the present study builds upon Chakraborty and 
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Green’s (2014) analysis by giving consideration to a broader range of ethnic groups, and by 
exploring the influence of spatial scale and population estimation methods. 
 
2.5 Conclusion 
 
This chapter has outlined the emergence and direction of previous environmental racism and 
justice research. It has shown that empirical studies can inform greater understanding of the 
existence of ethnic/racial (and other social) hierarchies within a place. These insights provide 
an important basis for better understanding institutional and historical processes of racism, 
and also form an important basis for health research. Furthermore, a paucity of environmental 
justice research in Australia has been shown, demonstrating the need for further empirical 
studies in this context. This study aimed to respond to this gap by providing a quantitative 
examination of the distribution of airborne pollutants across Greater Sydney. Focus was 
given to the proximity (to pollution sources) of populations across the socio-economic 
spectrum and of diverse ethnic backgrounds. The next chapter outlines in detail the methods 
used to achieve this. 
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Chapter 3: Methods 
 
This chapter outlines the research methods undertaken to determine associations between 
ethnicity, socio-economic status and exposure to airborne pollution in Greater Sydney. 
Methods used to explore the effects of methodology and scale of analysis, on these 
relationships, are also outlined. The chapter begins with a discussion of the data sources used 
in this study, and how these were organized for analysis. Later sections detail the methods 
used to determine the severity of pollutants emitted from facilities and the areas identified as 
exposed. The last section outlines the statistical methods used to examine associations 
between population and pollution variables, paying particular attention to previous methods 
used in environmental racism and justice studies, and their limitations. It should be noted that 
this section is quite long relative to any other section of the thesis. However this is a 
reflection of the nature of this study as well as the contributions of this study, which mostly 
examined previous methodological approaches to examining environmental racism and how 
these can be improved.  
 
3.1 Data sources and measured variables 
 
3.1.1 Exposure to airborne pollution 
The National Pollutant Inventory (NPI), registered through the Australian Federal 
Government, was used to assess the locations of industrial pollution sources, and the types 
and volumes of pollutants emitted by those sources. The NPI lists industrial facilities that 
emit pollutants above certain thresholds for listed chemicals, as well as the quantity of their 
chemical emissions in any given year from 1998 onwards (Howes, 2001).  The NPI dataset 
focuses on 93 chemical pollutants that are relevant to the Australian context (Kerret and 
Gray, 2007; Chakraborty and Green, 2014). It has informed existing empirical and contextual 
explorations of environmental racism/justice in Australia (Higginbotham et al. 2010; 
Chakraborty and Green, 2014), and has the benefit of paralleling pollutant inventories in 
other countries, such as the widely used US Toxic Release Inventory (TRI) (Burritt and Saka, 
2006). Studies using the TRI, together with Chakraborty and Green’s (2014) study using the 
Australian NPI, helped to inform the methods adopted in this project. 
 
The NPI lists data on airborne, waterborne and land-based pollutants. In this study the focus 
was restricted to total airborne emissions. This is a common approach in environmental 
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justice/racism studies because an individual’s exposure to airborne emissions is most directly 
related to their location, rather than lifestyle factors (such as swimming in polluted 
waterways) (Chakraborty and Green, 2014). Analysis using distance as a proxy for exposure 
can be used to obtain a reliable picture of who is exposed to airborne pollution.  
 
To ensure the accuracy and precision of the data used for this study, NPI listed locations were 
double-checked for accurate geographical coordinates through a mixture of geocoding (using 
addresses given by the NPI) and examining satellite data and other publicly available 
programs.  This was a time-consuming but necessary process as some addresses and 
coordinates provided in the NPI were found to be inaccurate. Chemical emissions from each 
facility were also carefully scrutinised to decrease the risk of double-counting. Of particular 
note is that the NPI lists Total Volatile Organic Compounds (TVOCs) in emissions from 
facilities although TVOCs consist of a larger number of specific chemicals (41 of which are 
also listed separately in the NPI database) (Department of the Environment, Water, Heritage 
and the Arts, 2009). By including TVOCs as a category alongside other individual chemicals, 
the quantity and cumulative toxicity risk of chemicals emitted by facilities may be double-
counted. Thus areas may be identified as being more exposed to emissions than they actually 
are. For this reason, TVOCs were not included as a category in the present analysis (although 
their component chemicals were). By excluding TVOCs a more accurate quantitative 
representation of potential health risks from airborne pollutants was permitted, thus allowing 
a more accurate determination of the relationships between population variables and 
emissions within the study area.  
  
3.1.2 Area of study 
Multiple authors within the environmental racism/justice literature have noted the need to 
account for the effects of different resolutions in determining correlations between population 
characteristics and exposure to pollution (Bowen and Wells, 2002; Baden et al. 2007). This is 
known as the modifiable areal unit problem (MAUP), which is where the areal unit chosen 
for the study affects the relationships measured between variables. This problem is significant 
because some researchers have argued that research papers, some of which have informed 
policy, may have used inappropriate scales and therefore achieved misleading results (Baden 
et al. 2007). Many researchers in the US have argued in favour of always using the most 
precise units of analysis available (Anderton et al. 1994; Bowen and Wells, 2002) although 
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others suggest that there are benefits to using less precise scales for environmental justice 
analysis (Pulido, 2000; Baden et al. 2007).   
 
In this study, Census data from the 2011 Australian Census of Population and Housing were 
used to categorise and determine ethnicity and socio-economic status at the Statistical Area 2 
(SA2) and the Statistical Area 1 (SA1) levels. SA2s and SA1s are the smallest statistical units 
for which it is possible to obtain information about the socio-economic and cultural 
characteristics of households (2011b). SA2s have an average residential population of 10,000 
individuals, and vary in size from a maximum of 5000 km² (in outback South Australia) to 
less than 1km² (in Greater Sydney and Darwin). SA1s are smaller, with an average 
population of 400 individuals. They vary in size from over 3000 km² to less than .01 km² in 
areas of Sydney and Melbourne (ABS, 2011a; 2011b). Chakraborty and Green’s (2014) 
Australian-study used SA2s, while Knibbs and Barnett (2015) used SA1s. The present study 
used both. Results were then compared to explore whether the size of the statistical unit used 
affected correlations between ethnicity and exposure to airborne pollution. Due to the five-
year gap between censuses, data from the most recent 2011 Census were used alongside 
2011/12 NPI data to enable the most current and valid assessment possible.  
 
A number of environmental racism/justice studies have also noted that variations in the extent 
of a study area, as well as the size of units across a study area, can affect relationships 
between the variables of interest (Mennis, 2002; Baden et al. 2007; Sicotte and Swanson, 
2007). The present study initially intended to investigate the relationship between ethnicity 
and exposure to airborne pollution across Australia, before focusing on a more localized 
urban area to investigate how changes in the scope of the study area affected measured 
relationships. However, such an approach would be flawed due to great variations in the size 
of geographical areas included at any statistical level across Australia. SA2s, for example, 
varied from very small areas (less than 1km²) in the middle of major cities such as Sydney or 
Melbourne, to large areas (5000km²) covering extensive proportions of entire states and 
territories, particularly in Western and South Australia (ABS, 2011a, see Figure 3.1). It is 
difficult to ascertain the extent of exposure to airborne pollutants for individuals who live in 
geographically extensive, and sparsely populated, statistical areas. Analyses that do not take 
this into account risk inferring that individuals who live 2000km away from a polluting 
facility (in a geographically extensive SA2) have an equivalent level of pollution exposure to 
those who live alongside a polluting facility in a small SA2 (less than 1km). As a result, a 
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decision was made to limit this study purely to an urban area. While some variation in the 
size of statistical areas remained (see Figure 3.2 and Figure 3.3), these differences were less 
pronounced than those observed across Australia (Figure 3.1). Greater Sydney was chosen 
due to its significant number of polluting sites (Figure 3.4) and high degree of ethnic 
diversity.  In relation to the latter point, optimised hot-spot analysis was carried out for all 
capital cities. This involved running the Getis-Ord Gi statistical tool within ArcGIS, which 
determines where statistically high or low values of a variable are clustered relative to 
neighbouring values. Results from this process revealed Sydney as the most ethnically 
diverse Australian capital. The limits of the Sydney area were then determined using Census 
statistical area divisions, specifying the geographical limits for Greater Sydney. Figure 3.5 
delineated Central Sydney and figure 3.6 shows the distribution of polluting facilities in this 
area which has a particularly strong concentration of facilities.  
 
Figure 3.1: Location and size of SA2s in Australia 
 
Source: Generated in ArcGIS using data from the ABS (2011) 
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Figure 3.2: Location and size of SA2s in Greater Sydney 
 
Source: Generated in ArcGIS using data from the ABS (2011) 
 
Figure 3.3: Location and size of SA1s in Greater Sydney 
 
 Source: Generated in ArcGIS using data from the ABS (2011) 
 
 
31 
 
Figure 3.4 Location of airborne pollution sources listed in the NPI overlaid onto Greater 
Sydney SA2s   
 
 
Source: Generated in ArcGIS using data from the ABS (2011) and NPI (2011/12) 
 
Figure 3.5 Location of Central Sydney (Area of focus) 
  
Source: Generated in ArcGIS using data from the ABS (2011) 
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Figure 3.6 Location of air pollution sources listed in the NPI overlaid onto SA1s in 
Central Sydney  
 
 
Source: Generated in ArcGIS using data from the ABS (2011) 
 
3.1.3 Ethnic categories used for analysis 
Previous authors have noted the usefulness of the Australian Census ancestry variable for 
assessing ethnicity (Tindale et al. 2014). The Census form asks individuals: ‘What is the 
person’s ancestry?’ The form advises individuals to consider the place of origin of their 
parents/grandparents in answering this question. It gives seven options (including English, 
German and Australian). Respondents can also select ‘Other-please specify’ and then write 
an open-response (ABS, 2013b). Individuals are able to nominate up to two ancestries, which 
provides rich insights into ethnic diversity, but complicates statistical analyses (Khoo et al. 
2009; Tindale et al. 2014).  
 
i) Majority ethnicity 
The present study followed Tindale et al. (2014) by categorising ethnic groups as belonging 
to the ethnic majority or ethnic minority. Table 3.1 lists the full range of ethnic groups 
included in these categories, based on the broad regional categories adopted in the Australian 
Standard Classification for Cultural and Ethnic Groups (ASCCEG). The ethnic majority 
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category adopted in this study refers broadly to ‘white’ Australians (including Anglo-
Australians, North-west Europeans and (white) New Zealanders; see Table 3.1). These 
groups were identified, by Tindale et al. (2014) as belonging to the ethnic majority. This is 
because, prior to Federation until World War II, Australia’s population and cultural make-up 
was dominated by English, Irish and Scottish cultural heritage, which was maintained via the 
White Australia policy.  Priority was given to British migrants, followed by those from 
North-west Europe (who were considered culturally similar). Following World War II, 
growing numbers of migrants from Southern and Eastern Europe were also permitted to enter 
Australia – however, they experienced racism and were not perceived to present as close a 
cultural ‘fit’ as North-west Europeans. When multicultural policies were adopted in the 1980s 
and 1990s, greater numbers of migrants came to Australia from countries outside Europe 
(Dunn et al. 2004; Forrest and Dunn, 2006a). However, contemporary Australian society is 
still dominated by an assimilationist and ethnocultural national identity (Forrest and Dunn, 
2006a). Various racialised groups are included within this ‘imagined’ national community 
based on how they are perceived to fit with the ethnic majority’s (Anglo-Australian) cultural 
values and ideals (Dunn et al. 2004). Following Tindale et al. (2014), this study has adopted 
the following broad ethnic categories which take into account Australia’s immigration 
history, and the positioning of diverse groups on this racialised hierarchy: ethnic majority (as 
defined above); ethnic minority; Southern and Eastern Europeans; and persons of mixed 
ethnicity (as explained below). 
 
ii) Minority ethnicities (migrant and Indigenous) 
Ethnic minority groups are those who are generally not perceived as fitting within the Anglo-
Australian (white) ethnic majority. These groups are often exposed to racism, based on 
‘visibly different’ (i.e. non-white) appearances and perceptions of cultural incompatibility 
(Tindale et al. 2014). In contemporary Australia, Indigenous Australians, Asian Australians 
and Muslim Australians (from diverse ethnic backgrounds) are common targets of racism 
(Forrest and Dunn, 2006b; Berman and Paradies, 2010; Kelaher et al. 2014). However, other 
‘non-white’ groups, including Pacific Islanders and African Australians, have also reported 
regular exposure to racism (Race Discrimination Commissioner, 1999). For this reason, a 
broad conceptualisation of ‘ethnic minority’ status was adopted in this thesis. 
 
Two ‘ethnic minority’ categories were established for the analyses of environmental racism 
conducted in this study. First, ‘ethnic minority (migrant)’ (including individuals from ‘non-
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white’ migrant backgrounds, see Table 3.1); and ethnic minority (Indigenous).  Indigenous 
status was determined based on a separate Census question that asks individuals to indicate 
(with a yes/no response) whether they are Aboriginal and/or Torres Strait Islander (ABS, 
2013b). By considering ethnic minority (migrant) and ethnic minority (Indigenous) persons 
separately, the present study is able to ascertain whether these two groups are differentially 
exposed to airborne emissions. This is important as Indigenous and ethnic minority (migrant) 
populations have very different histories of racialisation and unique geographies. Migrant 
populations have traditionally concentrated in urban areas, particularly Sydney and 
Melbourne (Forrest et al. 2006; Hugo, 2011) while Indigenous populations are more likely by 
comparison to reside in rural and remote areas of Australia (ABS, 2007; 2011c). As a result, 
exposure to airborne emissions is likely to differ for these two groups.  
 
iii) Southern and Eastern Europeans  
Southern and Eastern Europeans were treated as a separate category (neither ethnic majority 
nor ethnic minority) because of their unique position in Australia’s racialised hierarchy. As 
argued by numerous Australian scholars of migration and ethnic diversity, Southern and 
Eastern Europeans have been racialised as ‘almost white’.  They are understood to have 
assimilated more to Anglo-Australian values than non-European populations, but are still 
considered culturally distinct from Australians of British and North-west European ancestries 
(Dunn et al. 2007; Farquharson, 2007; Khoo, 2011).  Further, while Southern and Eastern 
Europeans were exposed to considerable racism when they began to migrate to Australia (in 
sizeable numbers) following World War II, this has subsided. They are not generally targets 
of racism in contemporary Australia to the degree experienced by the groups classified in the 
‘ethnic minority’ category above.   
 
iv) Persons of mixed ethnicity 
The present study also followed Tindale et al.’s (2014) approach to individuals who specified 
two ancestries on the Census form. Multiple ethnicities were categorised by including dual-
ancestry individuals in the ethnic majority group (when both stated ancestries were in that 
group, e.g. Australian and British), or in the ethnic minority group (when both stated 
ancestries fell into the ethnic minority category, e.g. Chinese and Nigerian).  When an 
individual could not be classified as part of the ethnic majority or ethnic minority (e.g. if the 
two stated ancestries were British and Chinese), then they were classified as being of mixed 
ethnicity. Further information is provided in Table 3.1. 
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Table 3.1: Ethnic categories based on Census ancestry and Indigenous status responses 
 
Ethnic category Census ancestry responses 
Ethnic majority 
 
Australian Peoples (Australian peoples nfd; Australian, excluding all those who have 
declared  Indigenous status [Aboriginal, Torres Strait Islander, Both Aboriginal and 
Torres Strait Islander]); New Zealand Peoples (New Zealander, excluding Maori and 
New Zealander nfd); North-West European (e.g. French)  
Southern and 
Eastern European 
All Southern and Eastern European: Southern European (e.g. Italian),  South-Eastern 
European (Albanian ), Eastern European (e.g. Latvian). 
Ethnic minority 
(Indigenous) 
Includes only those who have declared Indigenous status, regardless of responses for 
ancestry. 
Ethnic minority 
(migrant) 
 
All Oceanian (excluding Australian peoples, New Zealander; New Zealander nfd and 
Hawaiian); North African and Middle Eastern ; South-East Asian; North-East Asian; 
Southern and Central Asian (excluding Anglo-Indian); Peoples of the Americas 
(excluding American, French Canadian, Canadian); Sub-Saharan Africa (excluding 
Afrikaans, South African and Zimbabwean). Includes Asian so described, African so 
described and Creole so described.  Excludes all who have declared Indigenous status. 
Mixed ethnicity 
 
2 separate responses for ethnicity: including ethnic majority and ethnic minority (e.g. 
British and Chinese); ethnic majority and Southern and Eastern European (e.g. British 
and Italian); Southern and Eastern European and ethnic minority (e.g. Italian and 
Chinese). Excludes all that pick two responses from same major category – for example 
an individual who selected both English (ethnic majority) and New Zealander (ethnic 
majority) would be included in the ethnic majority category above. Excludes all who 
declared Indigenous status.  
 
3.1.4 Socio-economic status 
Socio-Economic Indexes for Areas (SEIFA) available through the ABS were used to 
determine the socio-economic status of statistical areas. There are four SEIFA variables 
which all account for multiple factors including income and education, creating a value by 
which statistical areas across Australia can be divided into deciles that provide an indication 
of relative socio-economic advantage/deprivation. These four indices are: i) The Index of 
Relative Socio-Economic Advantage and Disadvantage (IRSAD) ii) The Index of Relative 
Socio-Economic Disadvantage (IRSD) iii) the Index of Economic Resources (IER) iv) the 
Index of Education and Occupation (ABS, 2013c). These indices were also used by 
Chakraborty and Green (2014). In this study, the original SEIFA scores for all four variables 
allocated to each area were used to investigate the relationship between socio-economic 
status and exposure to emissions in Greater Sydney, as well as the influence of socio-
economic status on the relationship between ethnicity and exposure to emissions. 
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3.2 Analysis methods 
  
3.2.1 Buffer analysis 
To identify areas that are exposed to pollution and measure the intensity of exposure, this 
study used a distance-based method known as ‘buffer analysis’, which has been used in a 
large number of environmental justice studies (Zimmerman, 1993; Downey, 2006; Sicotte 
and Swanson, 2007; Chakraborty and Green, 2014). Buffer analysis involves establishing a 
set distance around all point sources of pollution (typically 1 mile or 1 kilometre) which is 
assumed to be the distance over which airborne pollutants from point sources will affect 
resident human populations (Chakraborty et al. 2011; London et al., in press). This method is 
depicted in Figure 3.8. Early environmental justice studies identified whether statistical areas 
contained pollution point-sources, and related the distribution of these point-sources to the 
attributes of resident populations (race, class, age and so on, see Figure 3.7). This method 
raised problematic empirical assumptions (Chakraborty et al. 2011). One was that the 
influence of a polluting point source only extended to the edge of the statistical area it was 
located within. Realistically however, if a facility was located on the edge of a statistical area, 
the influence of its emissions would also affect residents of the neighbouring statistical area. 
Another problem with the point-source approach was that it assumed that everyone within an 
area containing a point-source was equally affected, regardless of their distance from the 
source (Chakraborty et al. 2011). Buffer analysis is an improvement on the point-source 
approach because it can account for the fact that airborne pollutants travel across the 
boundaries of a single statistical unit and can also account for distance from the polluting 
facility.  
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Figure 3.7: Example of early environmental justice statistical analyses  
 
Source: Generated in ArcGIS using data from the ABS (2011) 
 
Figure 3.8: Example of buffer analysis (sources of pollution overlaid on statistical areas) 
  
 
Source: Generated in ArcGIS using data from the ABS (2011)  
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It should be noted that the buffer analysis method has been criticised for assuming that all 
individuals living within the set buffer area are equally exposed to pollutants from facilities, 
regardless of their distance from the point-source. While buffer analysis improves on this 
problem compared to traditional measures, it is still limited in its ability to determine which 
areas within a statistical unit are exposed to hazards and who within that area is exposed. An 
extended discussion of this issue is made in section 3.2.3. Buffer analyses are also limited by 
the distance of influence chosen, which is typically arbitrary. The distance over which a 
pollution source affects surrounding areas often varies at the author’s discretion (Chakraborty 
et al. 2011). The dispersion of airborne pollutants on surrounding areas is subject to wind-
patterns, velocity of emissions ejection and local topology, causing emissions to be 
distributed in an irregular fashion away from a point-source (Pearce et al. 2006). Distance 
decay measures offer an improvement upon buffer analysis because they are informed by 
chemical analyses and meteorological information (Downey, 2006; Chakraborty et al. 2011). 
They take into account the propensity for chemicals to ‘decay’ or to lessen in density and 
intensity, over time and distance. Thus individuals living further away from point-sources of 
pollution are assumed to have lesser exposure (Downey, 2006; London et al. in press). Some 
studies have accounted for the irregular movement of emissions depending on various local 
variables such as wind speed, topology and the exit velocity from smoke stacks for example, 
through ‘risk-based measures’. . While an improvement, risk-based and distance decay 
analyses are only available for certain chemicals. Furthermore, risk-based models can often 
miss essential variables, such as topology, which are often pivotal in influencing the 
dispersion of chemical emissions (Chakraborty et al. 2011). Finally, such measures such 
measures and the data necessary to perform risk-based analysis have not been developed for 
the Australian context and were beyond the scope of this thesis. As a result, buffer analysis 
was chosen as the method of analysis for this study.   
 
3.2.2 Weighting of emissions and scoring of pollution sources 
The buffer method assumes that all point-sources of pollution are equal in their emissions and 
their influence on populations residing around them. However, point-sources release varying 
quantities of emissions and varying chemicals with different levels of toxicity and potential 
harm to both humans and the natural environment. Furthermore when an area contains more 
than one polluting source, its residents would likely experience a greater degree of exposure 
to pollution (Chakraborty et al., 2011). To address this, researchers have incorporated 
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measures of toxicity weighting into buffer analyses to more accurately ascertain the risk to 
resident populations based on the volume of chemicals released by local facilities (Bowen et 
al. 1995; Kriesel et al. 1996; Ringquist, 1997; Tiefenbacher, 1999); and in some cases also 
the toxicities of those chemicals (Perlin et al. 1995; Brooks and Sethi, 1997; Ash and Fetter, 
2004; Sicotte and Swanson, 2007). To set weighting schemes, studies have used a variety of 
datasets to create comparative measures between chemicals so that the toxicity of chemicals 
released can be quantitatively compared. US-based studies have often used Threshold Limit 
Values (TLVs) which state the maximum level of chemicals that workers can safely be 
exposed to (Bowen et al. 1995; Horvath et al. 1995; Brooks and Sethi, 1997). They have also 
used the Toxicity Equivalency Potential (TEP) of chemicals, which is a single-figure scoring 
the risk of developing either cancer or non-cancer related health problems relative to a set 
chemical (Bolin et al. 2000). Later US-based studies have used US EPA Risk-screening 
Environmental Indicator database (RSEI) models which calculate the relative risk posed by 
each polluting facility to surrounding residents based on criteria such as relative toxicity of 
chemicals and wind direction (Ash and Fetter, 2004; Sicotte and Swanson, 2007; Bouvier, 
2014). 
 
The weighting scheme used depends on the available data in a given national context. In 
Australia, Chakraborty and Green (2014) weighted chemicals by both the total weight of 
airborne emissions, as well as a scoring scheme based on National Pollutant Inventory (NPI) 
risk scores for each chemical. These risk scores take into account both the weight of 
emissions and their toxicity (and are described below). Most recently, an Australian study 
used a land-use regression (LUR) model to estimate levels of Nitrogen Dioxide based on 
satellite observations and other predictors for major urban areas in Australia (Knibbs and 
Barnett, 2015). While such models overcome the limitations of buffer analysis, they are 
incredibly expensive, complex and take significant amounts of time to develop and to 
perform analyses (Downey, 2006; Knibbs and Barnett, 2015). Utilising such a model was 
beyond the scope and budget of the present study. 
 
In this study, three different weighting schemes were used to determine the relationships 
between risk of exposure to airborne emissions and ethnicity. The first weighting scheme 
(referred to as weight of emissions) ranked facilities by their total airborne emissions (in kg), 
without considering the toxicity of each chemical. The second weighting scheme accounted 
for both the volume and toxicity of airborne emissions through the use of NPI risk scores. 
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NPI risk scores rank the most hazardous chemicals based on health and environmental risk, 
as well as the likelihood humans have to exposure through means such as inhalation (NEPC, 
1999). These scores go from zero to as high as 13.5 for ‘Oxides of Nitrogen’ (NEPC, 1999). 
In this study, every facility was given an NPI risk score by volume and toxicity of airborne 
emissions through the following formula: 
 
rᵢᵦ = ∑vᵢᵦ•Tᵢ 
 
where r is the total risk score for a listed industrial facility β, v is the volume of emissions of 
chemical i in facility β and T is the NPI toxicity risk score for chemical i.  
These first two weighting schemes were used by Chakraborty and Green (2014). It should be 
noted that the NPI risk scores do not provide a completely reliable indicator of the toxicity of 
emissions relative to other chemicals as the NPI method for determining risk scores does not 
compute a quantitatively comparable toxicity for each chemical (National Environment 
Protection Council (NEPC), 1999). To improve on this, a third weighting scheme was used in 
this study – the Australian Safe Workplace Thresholds (TWAs) set by Workplace Australia 
and similar to the TLVs used in the US. These thresholds measure the level where exposure 
to chemicals over a sub-chronic period (eight hours) is considered dangerous in mg/m³. 
Higher workplace thresholds mean that a chemical has a lower toxicity, as a worker can have 
greater exposure to a chemical without cancerous or non-cancerous effects. The formula for 
calculating risk of exposure for areas was: 
 
rᵦ=∑(vᵢᵦ/Lᵢ) 
 
where r is the risk score for facility β, v is the volume of emissions for chemical i in facility β 
and L is the workplace limitation for chemical i over an 8 hour period in mg/m³.  
 
Workplace threshold datasets are not perfect for weighting facilities, as TLVs and TWAs 
were created to provide baselines for workers’ exposure rather than resident populations 
(Bolin et al. 2000). Furthermore, they provide a safe level only for sub-chronic exposures 
rather than long-term, chronic exposures which may take place over a lifetime. Another 
factor to consider is that not all chemicals listed on the NPI have Australian workplace 
threshold limits. For this study, workplace limits for chemicals were compared between 
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Australia and other countries to find countries that had generally similar workplace limits for 
various chemicals. The workplace limits used by these countries were then examined and any 
workplace thresholds for the chemicals missing from Australian workplace limits were used. 
Workplace threshold limits from Finland and Switzerland were used in these cases as they 
had very similar workplace threshold limits for other chemicals listed in the NPI. 
Consequently, there is the possibility the workplace limits used in this study may be 
inconsistent as they use the standards from more than one country and may therefore be not 
completely appropriate to compare toxicity between chemical emissions.  Nonetheless, 
workplace threshold limits were used in this study as they provide an improvement from NPI 
risk scores, as they can provide a relatively clear quantitative assessment of the relative 
toxicity of various chemicals.  
 
Other effective weighting schemes (used in US-based studies) were not possible in the 
Australian context. In the case of TEPs, toxicity scores for several chemicals were not 
present. RSEI models were developed for US use as they take into account the local climate 
and topology. These cannot be transferred to an Australian context and no equivalent dataset 
exists here.  
 
3.2.3 Determining areas exposed to pollution  
The development of buffer analysis and other distance-based measurements has led to 
multiple methods for counting populations exposed to environmental hazards. This is to assist 
in determining which areas are considered ‘within’ a set distance of a facility as buffer areas 
never align perfectly with the boundaries of statistical areas, as seen in Figures 3.9, 3.10 and 
3.11. A number of methods have been used to ascertain whether an area, and its inhabitants, 
should be counted as being within the area of exposure to a polluting point-source. These 
methods include polygon containment, which identifies an area (and its inhabitants) as being 
exposed if any part of the area is within the buffer area of the facility (Figure 3.9).  
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Figure 3.9: Example of polygon containment  
 
Source: Generated in ArcGIS using data from the ABS (2011)  
 
Variants to this approach include the use of 50 percent or 100 percent containment, where an 
area and its population are only considered to be ‘exposed’ to pollutants if over half (or all) of 
the area is within the buffer. Another method is centroid containment, where the statistical 
unit (and its residents) are only identified as exposed if the geographical mid-point of the area 
falls within the buffer (Figure 3.10).  
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Figure 3.10: Example of centroid containment  
 
Source: Generated in ArcGIS using data from the ABS (2011)  
 
Finally, buffer containment involves a calculation whereby the proportion of the local 
population considered to be exposed is relative to the proportion of the land area that is 
within the buffer. That is, if 20 per cent of an area is within the buffer, then 20 per cent of the 
population of that area is counted as ‘exposed’ (Figure 3.11, Downey, 2006; Chakraborty et 
al. 2011).  
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Figure 3.11: Example of buffer containment  
 
Source: Generated in ArcGIS using data from the ABS (2011)  
 
Each method has its own limitations and assumptions since it is not known where exactly 
individuals are located within a statistical area, as Census data do not specify street addresses. 
Several studies have tried to increase the accuracy of exposure measures by using land use 
data maps to determine which parts of a statistical area are residential thereby increasing the 
accuracy of buffer analyses (Mennis, 2003; Zandbergen and Chakraborty, 2006; Maantay and 
Maroko, 2009). Another method, known as street geocoding, has also been attempted. 
Knowledge of the street network and individual addresses are used to infer more accurately 
the percentage of individuals within a buffer area (Zandbergen and Chakraborty, 2006). 
While both methods have potential, they are expensive and difficult to implement and as a 
result their usage is rare in environmental justice studies.  
 
The present study sought to address these limitations through the use of two different 
methods: centroid and polygon containment. Centroid containment was effective when 
accounting for small and equal sized areas, but problematic when considering larger areas 
45 
 
with multiple polluting facilities as their effects may be missed (Figure 3.12). To resolve this 
issue, normal polygon containment was used to determine the differences between various 
methods of counting. However, this approach raises different problems as large areas, with 
only a very small proportion covered by buffer areas, will be considered exposed to 
emissions. This potentially skews the results of statistical analyses (Figure 3.13). Centroid 
containment and polygon containment were thus both used to explore how variation in 
methods of counting populations changed measured associations between ethnicity, socio-
economic status and exposure to pollution in Greater Sydney. By using one method that was 
likely to undercount exposure to pollution (centroid containment), and another that would 
overcount (polygon containment), it was hoped that statistical relationships would be less 
prone to error.  
 
Figure 3.12: Example of undercounting in centroid containment.   
 
 
No centroids fall within buffer therefore these statistical areas would not be included 
Source: Generated in ArcGIS using data from the ABS (2011) 
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Figure 3.13: Example of overcounting in polygon containment 
 
Source: Generated in ArcGIS using data from the ABS (2011) 
 
The limitations of all of these methods for determining whether populations are exposed to 
pollutants decrease for smaller statistical area units. As a result, these limitations are less 
significant at the SA1 level compared to the SA2 level, and are less significant in densely 
populated urban areas such as Sydney. Furthermore, by analysing the results of both methods 
(polygon and centroid containment), at two spatial scales (SA1 and SA2), the effects of 
methodology and scale in determining the relationships measured between population 
variables and exposure to emissions can be explored in greater detail. 
 
3.3 Statistical methods 
 
3.3.1 Univariate analysis 
Statistical analyses were used to determine the significance of associations observed between 
the location of polluting facilities and the characteristics of ‘exposed’ populations. Most 
environmental justice studies have used some form of Ordinary Least Squares (OLS) 
regression to determine the correlations between population groups and pollution exposure 
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(Chakraborty et al. 2011). OLS regression assumes that data values display a normal 
distribution, with data values approximating a bell curve centred on a sample or population 
mean (see Figure 3.14).  
 
Figure 3.14 Normal distribution dataset and curve
 
Source: Image generated in R 
 
However, much of the data analysed in this study (particularly airborne emissions data) 
displayed significant skewness and kurtosis, thereby not satisfying the normality assumption. 
As a result, non-parametric tests were used as they do not assume that datasets conform to a 
normal distribution. One such test, Kendall’s tau-b, was used to determine the relationship 
between sub-populations and exposure to airborne emissions. This measure has been used in 
previous environmental justice studies for similar reasons (Mennis and Jordan, 2005).  
 
3.3.2 Multivariate analysis 
For the second stage of statistical analysis, the associations between ethnicity and other 
population variables (e.g. socio-economic status) in influencing the relationship between 
ethnicity and exposure to emissions was investigated. Previous studies have used multivariate 
regression to investigate these relationships, particularly multivariate linear regression 
(Brooks and Sethi, 1997; Daniels and Friedman, 1999; Mennis and Jordan, 2005; 
Chakraborty, 2009). As previously outlined, linear regression assumes that the residuals 
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found in regression models will have a normal distribution, or at the very least be 
asymptotically normally distributed (Yu et al. 2009). The assumption of normality can be 
relaxed to some extent as a result of high sample sizes; however it remains important to fulfil 
the assumption of normality as violation can result in incorrect specifications of relationships 
between variables and coefficient estimates (Yu et al. 2009). Other studies have used 
transformations of data to satisfy the assumption of normality (Mennis and Jordan, 2005; Yu 
et al. 2006; Sileshi, 2008). In general, the formula for a transformation is simply: 
 
y=ƒ(x) 
 
where x is the original data value, f is the transformation conducted and y is the new data 
value. For example, a dataset with a square-root transformation would have the formula: 
 
y=√x 
 
For a log-transformation, the formula would be: 
 
y=log₁₀(x) 
 
An example of an inverse square-root transformation is shown in Figure 3.11. 
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Figure 3.15: Example of transformation of a dataset to satisfy the assumption of 
normality (inverse square root transformation) 
 
 
 
 
 
Source: Image generated in SPSS, using data from the ABS (2011) 
 
For the data used in this study, transformation did not resolve issues of non-normality as the 
datasets, particularly the dependant pollution exposure variables, were far too zero-inflated to 
achieve normality through transformations (Figure 3.12). As a result, it was not possible to 
ii) Transformed dataset 
 
i) Original dataset 
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use multivariate linear regression in this study. Instead multivariate ordinal regression was 
used, as explained on the following pages. 
 
Figure 3.16: Histogram and normality tests of the distribution of data for a zero-inflated 
airborne pollution variable used in this study 
 
 
 
Skew  Kurtosis 
Kolmogorov-Smirnov 
(sig.) 
Shapiro-Wilk (sig.) 
13.828 208.972 .000* .000* 
 
 
 
 
The original plan for this study was to use OLS regression to investigate the relationships 
between population variables (e.g. ethnicity and socio-economic status) on exposure to 
emissions and each other, before conducting spatial statistical analysis. Traditional statistical 
methods do not account for variation of relationships between variables over space, which is 
important for determining the validity of measured statistical correlations between population 
characteristics and pollution exposure (Fotheringham et al. 2002; Pastor et al. 2005; Kissling 
Normally distributed datasets have a skewness and kurtosis of zero. Kolmogorov-Smirnov and Shapiro-
Wilk tests both test for normality. Normally distributed datasets typically don’t have a statistical 
significance below p<0.05 (marked with an *) 
Source: Image generated in SPSS, using data from the NPI (2011/12) 
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and Carl, 2008). Spatial analysis was to be conducted through quantitative measures such as 
Moran’s I and through Geographically Weighted Regression (GWR) to examine how 
geographic location affects the strength and direction of statistical relationships between 
variables. Unfortunately, following extensive discussions with the statistical consulting 
service at the University of Wollongong, it was determined that spatial analysis could not be 
conducted, as GWR also operates under the assumption of normality. It could thus lead to the 
masking of spatial non-stationarity (the variation of statistical relationships over space), or its 
creation (Yu et al. 2009). Furthermore, Moran’s I is only possible for continuous dependent 
variables such as those used for OLS and other forms of regression.  
 
To address this problem, other methods of global multivariate regression were considered. 
These included: Poisson Regression, Negative Binomial Distribution and Beta Regression, as 
well as zero-inflated variations of these methods which can account for excess zero values 
(Sileshi, 2008; Liu and Kong, 2015). While these methods had potential, the datasets used for 
this study either did not fulfil the assumptions required for these tests or (due to the limited 
time-frame of this project), could not be conducted and analysed in time. In particular, these 
methods required extensive knowledge of the software program ‘R’, which uses a computer 
programming language interface more complex than the relatively simple drop-down 
interface of SPSS (which was used for this project). Because of the nature of the analytical 
methods used in environmental justice research, it is likely that many of the datasets used in 
previous studies also suffered from non-normality and hence from zero-inflation when using 
multivariate regression. Previous studies have also had significant zero-inflation in their 
datasets (Daniels and Friedman, 1999; Mennis and Jordan, 2005; Mohai and Saha, 2006; 
Sicotte and Swanson, 2007). This would be more prevalent as more precise scales and 
measurements are adopted. Further research should give greater attention to advanced 
regression methods that do not require normal distributions to overcome issues with OLS, but 
these have rarely been discussed in environmental justice research. It is also important that 
future environmental racism/justice studies acknowledge and discuss such limitations and 
challenges, as well as exploring means used to address them. Again, following extensive 
discussion with the statistical consulting service, multivariate ordinal regression was deemed 
most appropriate for the present study. 
 
52 
 
3.3.3Multivariate ordinal regression  
For the multivariate analysis, multivariate ordinal regression was used to evaluate the 
relationships between a variety of population variables and their influence on the degree of 
exposure of ethnic groups to airborne emissions. Multivariate ordinal regression is a form of 
categorical regression. It examines a categorical dependent variable and analyses its 
relationships to various independent variables. For multivariate ordinal regression, more than 
two categories (which are ranked in terms of intensity) are used. The benefit is that 
multivariate ordinal regressions does not require an assumption of normality and can 
therefore be applied to a greater amount of situations compared to OLS (Daniels and 
Friedman, 1999). As a result, it is extremely useful for analyses where the dependant variable 
has a large number of zeroes as has occurred in previous empirical quantitative 
environmental racism/justice studies (Daniels and Friedman, 1999; Mennis and Jordan, 2005; 
Mohai and Saha, 2006; Sicotte and Swanson, 2007). The limitation of this is that it simplifies 
the available information in the model, decreasing the resolution down to only a small 
number of categories This means if a dataset consists of continuous values which can take 
any scores within a range is adapted for ordinal regression, those values lose their previous 
variability and are reduced to a small number of values (Chatterjee and Hadi, 2012).  In this 
study, multivariate ordinal regression separated pollution risk scores into ‘low pollution’ and 
‘high pollution’ categories, yielding a tripartite categorical variable of zero, low, high or 
0,1,2. The simplification of the dependent variables dataset can potentially change the 
estimation of coefficients and relationships determined compared to continuous forms of 
regression such as linear regression. Multivariate ordinal regression can also suffer from the 
creation of arbitrary categories when dealing with continuous data if there is no clear reason 
to make a distinct boundary between two categories. Despite these limitations, multivariate 
ordinal regression can provide insights into areas most exposed to pollution and their 
demographics.  
  
For this study, the general model used for multivariate analysis was: 
 
AIRPOLLU = ƒ[ETHNICITY, SOCIO, DENSITY, MANUF] 
 
Where: AIRPOLLU is the ranking for intensity of airborne emissions, ETHNICITY is the 
percentage of a particular ethnic group in an area, SOCIO is the SEIFA score for socio-
economic status in an area, DENSITY is the population per square km and MANUF is the 
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percentage of labour force in manufacturing. The exact variables examined are subject to the 
univariate analysis conducted in Chapter 4 and concerns about collinearity. These are 
discussed in detail in section 5.1. Population density was included as a variable to determine 
if the location of industrial facilities was associated with zoning decisions that may prevent 
such facilities from being located in areas with large, dense populations. Percentage of labour 
force working in manufacturing was also investigated, as it may illuminate why certain 
ethnicities are more likely to be exposed to emissions by showing the occupations they are 
more likely to be in. Many studies have investigated similar relationships to investigate 
causality for siting facilities (Daniels and Friedman, 1999; Mennis and Jordan, 2005; Mohai 
and Saha, 2006). 
 
3.3.4 Categorization of dependent variables for multivariate ordinal regression 
For the multivariate ordinal regression analysis, several different boundaries for the 
categorization of the ‘low pollution’ and ‘high pollution’ categories were used for each of the 
scoring schemes, scales and pollution estimation methods. Categories were established based 
on the appearance of ‘natural groupings’ of risk scores recorded between areas. These were 
assessed manually, but the natural breaks (Jenks) function on ArcGIS was also used. Where 
there was a large gap between overall risk scores, scores were separated into ‘low pollution’ 
or ‘high pollution’ based upon which side of the break they were on. These were tested for 
the ‘proportional odds assumption’ through the test of parallel lines used in SPSS for 
suitability of usage, a central assumption for ordinal regression. This assumption states that 
the correlations between the independent variables and the dependent variable do not change 
due to variation in the dependent variables categories. This is discussed in more detail in 
section 5.1. 
 
This natural breaks scoring scheme was successful for SA2 level centroid and polygon 
containment but at the SA1 level, in the case of polygon containment few of the natural 
breaks categorizations could consistently fulfil the proportional odds assumption. The final 
criteria were chosen manually to fulfil this assumption as best as possible. The criteria for 
dividing ‘Low Pollution’ and ‘High Pollution’ by risk scores are shown for each scale, 
scoring scheme and population estimation method in Table 3.2, along with the highest value 
for ‘low pollution’ and lowest value for ‘high pollution’ to show the significance of the 
natural break. The final percentage of statistical areas within each dependent category is 
shown in Table 3.3. 
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Table 3.2: Risk score criteria for low pollution and high pollution categories for 
multivariate ordinal regression 
  
 Weight NPI Risk TWA Limits 
 Low< Limit <High Low< Limit <High Low< Limit <High 
SA2 Cent (66848)<80000 <(91338) (743689) <1000000 <(1090722)  (6465)<10000<(12591)  
SA2 Poly  (74354)<80000< (83496)  (473957)<500000<(605671)   (7584)<8000< (9346)  
SA1 Cent (480153)<1000000< (1310468)  (4831243) < 10000000< (15703641)  (155709)<200000<(241169)  
SA1 Poly  (19940) <20000<(20274) (197472)<200000<(204104) (1979)<2000<(2002) 
 
 
Table 3.3: Percentage of statistical areas in each emissions variable category for 
multivariate ordinal regression 
 
 Weight NPI Risk TWA Limits 
 Zero 
Pollution 
Low 
Pollution 
High 
Pollution 
Zero 
Pollution 
Low 
Pollution 
High 
Pollution 
Zero 
Pollution 
Low 
Pollution 
High 
Pollution 
SA2 
Cent 
88% 10% 2% 88% 10% 2%  88% 10% 2% 
SA2 
Poly 
42% 35% 23% 42% 33% 25% 42% 36% 22% 
SA1 
Cent 
90% 9.5% 0.5% 90% 9.5% 0.5% 90% 9.5% 0.5% 
SA1 
Poly 
84% 9% 7% 84% 10% 6% 84% 9.5% 6.5% 
 
 
3.4 Conclusion 
The methods outlined in this chapter were designed to meet the study aims described in 
Section 1.4 to determine the correlations between ethnicity, socio-economic status and 
exposure to airborne pollution. Ethnicity was categorised according to the culturally 
dominant ethnic majority, ethnic minority (Indigenous and migrant), Southern and Eastern 
Europeans and persons of mixed ethnicity.  Socio-economic status was also examined due to 
the possible presence of class hierarchies. These variables were statistically tested to find 
significant correlations with exposure to airborne emissions that could show evidence of 
racial and class hierarchies in Greater Sydney. The following two chapters detail the results 
(Highest score for ‘Low Pollution’) < Dividing Score < (Lowest score for ‘High Pollution’) 
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of those statistical tests. Chapter 4 details the statistical correlations between individual 
population variables and exposure to airborne emissions using various scales (SA1 and SA2), 
population estimation methods (polygon and centroid containment) and pollution scoring 
methods (weight of emissions, NPI risk scores and workplace limits). Chapter 5 examines the 
most significant population variables found in Chapter 4 and uses multivariate ordinal 
regression to understand how various population variables influence each other, and thus 
their relationship to airborne emissions exposure.  
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Chapter 4: Univariate correlations between ethnicity, socio-economic status and 
airborne pollution in Greater Sydney  
 
This chapter explores the direct correlations between various ethnicities, socio-economic 
status, population density and exposure to airborne pollutants using Kendall’s tau-b rank 
correlations. The results indicate that there are significant correlations between several 
population variables and exposure to pollution. First, the percentage ethnic minority 
(migrant) in an area was significantly positively correlated with exposure to airborne 
emissions for all tests. That is, areas with high ethnic minority (migrant) populations have 
greater exposure to airborne pollutants. Second, majority ethnicity had consistent results with 
significant negative correlations to emissions for all tests. That is, areas with high ethnic 
majority populations have lower exposure to airborne pollutants. Third, socio-economic 
variables were (in the majority of cases) negatively associated with exposure to emissions, 
with only a few tests not finding significant correlations for individual SEIFA variables. 
Thus, in most cases, areas with lower socio-economic status populations have higher 
exposure to airborne pollutants. Associations between airborne pollution and i) percentage 
ethnic minority (Indigenous), ii) percentage Southern and Eastern European and iii) 
population density were more variable, such that consistent conclusions could not be drawn. 
Populations of mixed ethnicity consistently had no statistically significant correlations with 
exposure to emissions. These findings are discussed in greater detail throughout this chapter. 
The results that underpin the discussion throughout this chapter are presented in Tables 4.1, 
4.2 and 4.3. 
 
4.1 Effects of scale and population estimation method on the distribution of emissions 
 
A consistent feature when examining the correlations between ethnicity, socio-economic 
status and airborne emissions across Greater Sydney in this study was the significant 
influence of varying scales and population estimation methods. This can be seen in the 
distribution of areas exposed to airborne emissions at both SA1 and SA2 scales and when 
using both centroid and polygon containment (Figures 4.1-4.4). The exact pollution risk 
scores that ‘exposed’ areas had varied with the scoring scheme using to quantify the intensity 
of emissions which was accounted for in the Kendall’s tau-b statistical outputs. However 
within each scale and population estimation method, the same areas were still exposed to 
pollutants regardless of the scoring scheme. Of particular note is the larger areas exposed to 
emissions when polygon containment was used (Figure 4.1) that are not exposed when 
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centroid containment was used at the SA2 scale (Figure 4.2, see section 3.2.3 for full 
discussion), particularly in the outskirts of North Sydney and South Sydney. 
 
Figure 4.1 Areas exposed to airborne emissions across Greater Sydney (polygon 
containment-SA2 scale) 
 
 
 
Source: Generated in ArcGIS using data from the ABS (2011) and NPI (2011/12) 
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Figure 4.2 Areas exposed to airborne emissions across Greater Sydney (centroid 
containment-SA2 scale) 
 
 
 
Source: Generated in ArcGIS using data from the ABS (2011) and NPI (2011/12) 
 
The distribution of exposed areas across Greater Sydney follows similar patterns at the SA1 
scale for both methods as well. However at this scale, when using polygon containment, the 
overall exposed area of Greater Sydney is much smaller compared to the SA2 scale (Figure 
4.3). When using centroid containment at the SA1 scale, the overall exposed area of Sydney 
is smaller again. However, there is a greater spread of exposed areas across Sydney that go 
beyond the inner city (Figure 4.3). If focus is given to the Inner city and Western city to see 
the influence of pollution in the most densely packed SA1s (Figure 4.4) the smaller spread of 
exposed areas when using centroid containment, particularly those that are larger, can be 
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seen. This is true when focusing on Inner Sydney (Figure 4.5) and Western Sydney (Figure 
4.6). Around the smallest SA1s, the difference between polygon and centroid containment 
becomes much smaller, suggesting that the most precise scales are the most accurate when 
comparing the influence of these two population estimation methods. The influence of these 
changes for the correlations between ethnicity and emissions are discussed in the following 
section. 
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Figure 4.3 Comparing polygon verses centroid distribution of areas exposed to airborne emissions across Greater Sydney at the SA1 
scale1    
 
 
Source: Generated in ArcGIS using data from the ABS (2011) and NPI (2011/12) 
 
                                                          
1 SA1s that are exposed to emissions across Greater Sydney are too difficult to map when the boundaries between areas are marked, due to the density of areas in Inner and 
Western Sydney. To accommodate this, maps of SA1s across Greater Sydney have no boundaries marked. 
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Figure 4.4 Areas of interest in Greater Sydney for SA1 scale analysis    
 
 
 
Source: Generated in ArcGIS using data from the ABS (2011) 
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Figure 4.5 Comparing polygon verses centroid distribution of areas exposed to airborne emissions in Inner Sydney at the SA1 scale 
  
Source: Generated in ArcGIS using data from the ABS (2011) and NPI (2011/12) 
 
 
63 
 
Figure 4.6 Comparing polygon verses centroid distribution of areas exposed to airborne emissions in Western Sydney at the SA1 scale 
  
Source: Generated in ArcGIS using data from the ABS (2011) and NPI (2011/12)
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4.2 Relationships between ethnicity and exposure to airborne pollution 
In this section, the various ethnicity categories outlined in Chapter 3 (Table 3.1) were tested 
for statistical correlations with airborne emissions. Tests were conducted at both spatial 
scales (SA2s and SA1s), and using the population estimation methods (polygon and centroid 
containment) as well as the three pollution scoring schemes outlined in Section 3.2.2. Table 
4.1 provides further detail.  
Table 4.1: Univariate correlations between ethnicity and airborne emissions 
Ethnicity  Scoring 
Scheme 
SA2 (Centroid) SA2 (Polygon) SA1 (Centroid) SA1 (Polygon) 
Majority (%) Weight -0.116 (0.018)* -0.106 (0.015)* -0.115 (0.000)* -0.111 (0.000)* 
NPI  -0.116 (0.018)* -0.097 (0.026)* -0.115 (0.000)* -0.110 (0.000)* 
TWA  -0.116 (0.017)* -0.093 (0.033)* -0.115 (0.000)* -0.110 (0.000)* 
Minority 
(migrant) (%) 
Weight 0.138 (0.005)* 0.103 (0.018)* 0.125 (0.000)* 0.115 (0.000)* 
NPI  0.137 (0.005)* 0.094 (0.031)* 0.125 (0.000)* 0.114 (0.000)* 
TWA  0.138 (0.005)* 0.091 (0.037)* 0.124 (0.000)* 0.114 (0.000)* 
Minority 
(Indigenous) 
(%) 
Weight 0.082 (0.095) 0.196 (0.000)* -0.003 (0.705) 0.018 (0.030)* 
NPI  0.81 (0.097) 0.199 (0.000)* -0.003 (0.704) 0.018 (0.031)* 
TWA  0.081 (0.099) 0.198 (0.000)* -0.003 (0.695) 0.017(0.037)* 
South-Eastern 
European (%) 
Weight 0.039 (0.426) 0.026 (0.544) 0.036 (0.000)* 0.046 (0.000)* 
NPI  0.039 (0.424) 0.021 (0.626) 0.036 (0.000)* 0.046 (0.000)* 
TWA  0.038 (0.433) 0.021 (0.634) 0.036 (0.000)* 0.047 (0.000)* 
Mixed (%) Weight 0.036 (0.461) -0.001 (0.976) 0.009 (0.243) 0.008 (0.282) 
NPI  0.036 (0.460) -0.000 (0.994) 0.009 (0.230) 0.009 (0.264) 
TWA  0.0236 (0.457) -0.009 (0.833) 0.010 (0.208) 0.009 (0.237) 
 
 
4.2.1 Exposure to airborne pollution by ethnicity: majority and minority (migrant) 
populations  
Table 4.1 shows the results for the Kendall tau-b for ethnicity variables and pollution. Across 
the three pollution scoring schemes, all of the ethnicity categories considered had consistent 
results regardless of the population estimation method (centroid or polygon) and scale (SA1 
or SA2) used. Percentage ethnic majority population in all tests (for both scales and all 
methods) had a significant negative correlation with exposure to airborne emissions. 
Consequently the higher the proportion of ethnic majority persons in an area, the lower the 
Kendall’s tau-b rank correlations outside brackets, measures of significance in brackets; significance at 
p<0.05 marked with *  
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exposure to airborne emissions. By contrast, the percentage of ethnic minority (migrant) 
persons resident in an area was for all tests significantly positively correlated to exposure 
from pollution. The greater the percentage of ethnic minority (migrants) in an area, the higher 
the exposure to airborne pollutants.  
 
These results have significant implications for environmental justice research in Australia as 
they give quantitative empirical proof of environmental racism in the Greater Sydney region. 
Non-Indigenous ethnic minority populations have not been a focus of previous environmental 
justice studies in Australia (e.g. Chakraborty and Green, 2014; Knibbs and Barnett 2015). 
The results of this analysis suggest that future environmental justice studies should further 
explore the exposure of ethnic minority (migrant) populations to pollution. These results do 
not demonstrate any form of causation, as the location of facilities may be  a result of direct 
racism or institutional and historical factors. Regardless, they show that Anglo-European 
Australians occupy privileged geographical locations in Greater Sydney (with respect to 
airborne pollution); while ethnic minority (migrant) populations are disadvantaged.  
 
4.2.2 Exposure to airborne pollution by Indigenous status  
The relationships between other ethnicity categories and pollution were far less consistent 
across geographical scales and population counting methods. Indigenous populations (for all 
pollution scoring schemes) only had significant correlations when polygon containment was 
used to estimate populations (see Table 4.1). Using this population estimation technique, 
significant positive correlations with exposure to pollution were found at the SA1 and SA2 
scale. Previous studies have suggested that Indigenous people are more likely than non-
Indigenous populations to be exposed to airborne emissions in Australia (Chakraborty and 
Green, 2014). The results of this study support those findings to a limited degree. Indigenous 
populations did not have significant correlations when using centroid containment for 
population estimates, irrespective of the pollution scoring scheme and spatial scale used. 
 
As discussed in Section 3.2.3, the polygon containment method of counting population 
exposure is likely to over count exposure, particularly for larger areas which border industrial 
and waste facilities. This can be seen in Figures 4.1-4.6 where larger areas are considered 
exposed to pollution using polygon containment, but not centroid containment. In Greater 
Sydney, areas with higher proportions of Indigenous populations are typically located in the 
outskirts of the city where larger SA1 and SA2 areas are located, particularly in North and 
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South Sydney (Figure 4.7). This may account for the differing results for polygon and 
centroid counting methods, as the latter is less likely to include larger areas with minimal 
exposure to pollution. The findings of this analysis are thus inconclusive. These results 
suggest that Indigenous populations’ exposure to airborne pollution in the Greater Sydney 
area, and surrounding regions, require further quantitative analysis – with sensitivity to the 
size of spatial units – to better understand the nature of the relationship between Indigenous 
populations and environmental hazards. 
 
Figure 4.7 Distribution of percentage of Indigenous populations across Greater Sydney 
divided by quartiles  
 
 
 
 
 
 
4.2.3 Southern and Eastern European populations’ exposure to airborne emissions 
Southern and Eastern European populations had no significant correlations for any tests at the 
SA2 level (Table 4.1). However, for all tests conducted at the SA1 level, significant positive 
Quartile 1 contains the areas with the lowest percentage of Indigenous population, 
Other quartiles arranged in ascending order by increasing percentage of Indigenous 
population.  
Source: Generated in ArcGIS using data from the ABS (2011) 
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correlations were found. This means that when a more precise scale was examined, areas with 
higher Southern and Eastern European populations were more likely to be exposed to 
airborne emissions. Researchers have argued that higher resolution scales reveal more fine-
grained population distribution patterns, thereby unveiling more accurate relationships 
between populations and exposure to environmental hazards (Bowen and Wells, 2002; Baden 
et al. 2007, see Section 3.1.2 for full discussion). Hitherto, Southern Eastern European 
populations have not been a population of focus in any Australian environmental justice 
studies and these findings suggest that further studies should pay greater attention to these 
populations in relation to environmental hazards.  
 
4.2.4 Mixed-ethnicity populations’ exposure to airborne emissions  
Finally, for all tests, the proportion of mixed-ethnicity persons in an area was not found to 
have any significant correlations with airborne emissions. Mixed-ethnicity populations have 
received no attention in previous Australian environmental justice studies. In this study, 
mixed-ethnicity populations were categorised in such a way that mixed-ethnicity persons of 
very different backgrounds were grouped under the same ‘mixed-ethnicity’ category. 
Consequently, this study found that mixed-ethnicity individuals as a group are not 
disproportionately affected by airborne emissions. Analyses that separate diverse groups of 
mixed-ethnicity persons may generate different findings. Further research should ideally give 
attention to the heterogeneity of mixed-ethnicity individuals across Sydney and Australia and 
consider how these individuals are associated with the residential geographies of larger ethnic 
groups. However, such analyses are likely to be difficult as population sizes (of diverse 
mixed-ethnicity categories), when disaggregated across geographical units readily become 
too small for reliable measurements.  
 
4.3 Relationships between socio-economic status and exposure to airborne pollution  
Table 4.2 shows the results for the Kendall’s tau-b correlations for airborne pollution and the 
four SEIFA variables examining socio-economic status mentioned in Section 3.1.4. Again, 
results are presented for different pollution weighting schemes (weight of emissions, NPI risk 
scores and workplace exposure limits). Only those statistical areas across Greater Sydney that 
have SEIFA scores (allocated by the ABS) were included in these analyses. At the SA2 level, 
266 out of the 279 areas were given all four SEIFA scores by the ABS, while at the smaller 
SA1 level there was greater variation. IEO  scores were allocated to 10403 areas (out of 
68 
 
10845) while only 10385 areas were allocated IRSD  and IRSAD scores. In each case, 
analyses were limited to those areas for which SEIFA scores were available.  
 
Table 4.2: Univariate correlations between socio-economic status and airborne 
emissions 
Variable   SA2 (Centroid) SA2 (Polygon) SA1 (Centroid) SA1 (Polygon) 
IRSAD Weight -0.093 (0.057) -0.190 (0.000)* -0.067 (0.000)* -0.087 (0.000)* 
NPI  -0.092 (0.060) -0.184 (0.000)* -0.067 (0.000)* -0.086 (0.000)* 
TWA Limits -0.090 (0.067) -0.171 (0.000)* -0.066 (0.000)* -0.084 (0.000)* 
IRSD Weight -0.098 (0.045)* -0.188(0.000)* -0.070(0.000)* -0.087(0.000)* 
NPI  -0.097 (0.047)* -0.181(0.000)* -0.069(0.000)* -0.086(0.000)* 
TWA Limits -0.094 (0.053) -0.170(0.000)* -0.068(0.000)* -0.084(0.000)* 
IER Weight -0.127 (0.009)* -0.113 (0.009)* -0.076 (0.000)* -0.07 (0.000)* 
NPI  -0.127 (0.010)* -0.107 (0.014)* -0.076 (0.000)* -0.069 (0.000)* 
TWA Limits -0.125 (0.010)* -0.104 (0.017)* -0.075 (0.000)* -0.067 (0.000)* 
IEO Weight -0.054 (0.265) -0.202 (0.000)* -0.041 (0.000)* -0.078 (0.000)* 
NPI  -0.054(0.273) -0.198 (0.000)* -0.040 (0.000)* -0.077 (0.000)* 
TWA Limits -0.051(0.298) -0.186 (0.000)* -0.039 (0.000)* -0.075 (0.000)* 
 
 
Similarly to the results for ethnic category variables, the results for all SEIFA variables 
remained fairly consistent across pollution scoring schemes. Some variation was observed at 
different geographical scales and for different population counting methods. In the majority 
of these cases, SEIFA variables were significantly negatively correlated to exposure to 
airborne emissions. This means that as socio-economic status increases, exposure to airborne 
emissions decreases. However, only the IER (Index of Economic Resources) SEIFA variable 
was consistently significantly negatively correlated to airborne emissions for all tests, and at 
both spatial scales. All other socio-economic variables had at least one test where no 
significant correlation was found (see Table 4.2). IRSAD scores were not significantly 
correlated to total weight of airborne emissions when using the centroid test at the SA2 level. 
IRSD scores were not significantly correlated with workplace limits at the SA2 level when 
using centroid containment. IEO scores showed no significant correlation at the SA2 scale 
using centroid containment for any of the pollution scoring schemes. However, it is worth 
noting that 41 out of the 48 correlations presented in Table 4.2 revealed a statistically 
Kendall’s tau-b rank correlations outside brackets, measures of significance in brackets; p<0.05 
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significant negative correlation between socio-economic status and airborne pollution, 
presenting compelling evidence of the importance of this relationship. Further, for all 
variables at the SA1 level, regardless of pollution scoring and population counting method, 
all SEIFA socio-economic variables had significant negative correlations with emissions. 
These results arguably show more ‘accurate’ relationships than those at the SA2 level due to 
the finer resolution. That significance at the SA1 level was found with both methods of 
population counting further supports this possibility. These results support previous 
quantitative environmental justice studies in Australia which have found evidence of 
correlations between lower socio-economic status and airborne emissions (Chakraborty and 
Green, 2014; Knibbs and Barnett, 2015). Consequently it gives further reason for activists 
and policymakers to focus on socio-economic disadvantage and  exposure to airborne 
emissions as it suggests that the most economically vulnerable populations in Greater Sydney 
are the most likely to bear the burdens of  airborne pollution.   
 
4.4 Relationships between population density and exposure to airborne pollution 
Population density has been investigated in previous environmental justice research due to 
the possibility that facilities may be purposefully sited in areas with low population density 
(due to residents’ health concerns) or in high density areas (to provide jobs) (Sadd et al. 1999; 
Ash and Fetter, 2004; Mennis and Jordan, 2005; Baden et al. 2007). Table 4.3 displays results 
for the Kendall’s tau-b correlations for population density and pollution. As for ethnicity and 
socio-economic status, the results for the three pollution scoring schemes are shown (weight 
of emissions, NPI risk scores and workplace exposure limits). Similarly to the scores for 
ethnicity, the results for population density did not vary significantly between pollution 
scoring methods, but varied markedly with changing scale and population-count methods. 
 
Table 4.3: Univariate correlations between population density and airborne emissions 
Population 
Density 
SA2 (Centroid) SA2 (Polygon) SA1 (Centroid) SA1 (Polygon) 
Weighting -0.085 (0.072) -0.175 (0.000*) 0.017 (0.028*) -0.037 (0.000*) 
NPI  -0.085 (0.073) -0.177 (0.000*) 0.017 (0.027*) -0.037 (0.000*) 
TWA limits -0.085 (0.078) -0.173 (0.000*) 0.017 (0.026*) -0.037 (0.000*) 
 
 
Kendall’s tau-b rank correlations outside brackets, measures of significance in brackets; p<0.05 
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For all pollution scoring methods, no significant correlations with population density were 
found at the SA2 level using centroid containment. Yet tests at both scales using polygon 
containment found significant negative associations between population density and exposure 
to airborne emissions, suggesting that areas with lower population densities are more likely to 
experience higher exposure to airborne emissions. All correlation tests at the SA1 level using 
centroid containment returned a significant positive correlation between population density 
and exposure to airborne emissions. In contrast to the other results, this suggests that higher 
population densities are associated with greater risk of exposure to airborne emissions. The 
contradictions between these two sets of results demonstrate the Modifiable Areal Unit 
Problem (MAUP) referred to in Section 3.1.2 in action. The correlations between variables 
changed when the scale of the areal unit examined was changed (Bowen and Wells, 2002; 
Walker, 2009; Chakraborty et al. 2011). In the case of population density and airborne 
pollution, significant results disappeared or reversed at different spatial scales. It is possible 
that many larger SA2s with smaller populations and minimal exposure to pollutants are 
captured through the polygon containment method, which typically over counts areas 
exposed to emissions. This would account for the negative correlations found using polygon 
containment. By contrast, centroid containment is likely to undercount larger areas which 
may be heavily exposed to pollution, thereby excluding larger areas on the outskirts of 
Greater Sydney with smaller populations which may have some degree of exposure. 
Consequently, the results of this analysis regarding the relationship between population 
density and emissions in Greater Sydney are inconclusive. 
 
4.5 Influence of different scoring methods for airborne emissions 
Previous environmental racism and justice studies have noted how changes in methodology 
for scoring schemes can affect relationships found. This suggests that risk-based measures 
which utilise computer modelling to account for the dispersion of pollution are more reliable 
for quantitative empirical studies in this area (Bowen and Wells, 2002). Furthermore, 
Australia’s National Pollutant Inventory (NPI) has been criticised for relying on industries to 
report their own emissions, citing concerns that there is not enough enforcement to ensure 
honesty on emissions (Clarkson et al. 2011). Additionally, the NPI and other government-
maintained pollution databases generally only report industry and waste pollution. As a result 
they miss out on emissions from other sources such as vehicles, which is where risk-based 
methods which directly measure and predict the presence of airborne emissions would be 
useful (Burrit and Saka, 2006; Pearce et al. 2006; Knibbs and Barnett, 2015; ). Such methods 
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are difficult to develop and require significant time and resources to use. Thus as discussed in 
Section 3.2.1, these methods were deemed beyond the scope of this study. However, the fact 
that this study has found consistent results across all three scoring schemes for every 
population variable examined, with only minor variations, suggests that the patterns found are 
not influenced by variation in the measurement of emissions. This is not to suggest that future 
environmental racism/justice studies should not employ more accurate methods for 
measuring the effects of various emissions and other pollutants – although this depends on 
the availability of improved pollution datasets. It suggests instead that the results found in 
this section of the study still have validity despite some unavoidable methodological 
shortcomings. 
 
4.6 Conclusion 
This chapter has demonstrated that ethnic minority populations – from migrant backgrounds 
– are disproportionately exposed to airborne emissions in Greater Sydney. By contrast, ethnic 
majority populations (Anglo-Australians and North-west Europeans) are less likely than any 
other ethnic group to be exposed to airborne emissions. Consequently there is evidence of the 
existence of a spatial racial hierarchy in Sydney, which privileges the ethnic majority and 
disadvantages ethnic minorities to varying degrees.  Furthermore, this chapter has 
demonstrated that individuals of low socio-economic status are more likely to be exposed to 
airborne emissions, supporting the findings from other studies in Australia (Chakraborty and 
Green, 2014; Knibbs and Barnett, 2015). These results demonstrate the need for further 
quantitative studies as well as historical and community studies to further investigate the 
presence of racial hierarchies in Greater Sydney. The findings of the correlation analyses 
presented in this chapter establish the background for further analyses in Chapter 5, which 
evaluates the influence of various population variables on each other and on exposure to 
pollution. Chapter 5 explores whether the relationships between airborne pollution and 
majority and minority (migrant) ethnicities are attributable to other factors through 
multivariate ordinal regression analysis. The additional variables considered in Chapter 5 
include percentage of labour force employed in manufacturing, alongside socio-economic 
status and population density. The analysis presented in Chapter 5 provides insight beyond 
univariate correlations into some of the underlying causes and mechanisms that result in 
ethnically differentiated exposure to airborne emissions in Greater Sydney.  
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Chapter 5: Exploring relationships between population variables using multivariate 
ordinal regression  
 
This chapter explores in detail the influence of various population factors on the relationships 
between majority ethnicity and minority (migrant) ethnicity and airborne pollution. It 
examines whether the relationships between ethnic majority populations and airborne 
pollution, and ethnic minority (migrant) populations and airborne pollution can be explained 
by other factors, such as socio-economic status. Multivariate ordinal regression revealed that 
socio-economic status and the prevalence of manufacturing jobs in an area were more 
significant predictors of exposure to airborne emissions than majority or minority (migrant) 
ethnicities at the (larger) SA2 scale. On the other hand, majority and minority (migrant) 
ethnicities were primary explanatory variables for emissions at the more precise SA1 scale. 
This means that there is a relationship between ethnicity and airborne pollution that cannot be 
‘explained away’ by socio-economic status and the prevalence of manufacturing jobs. As 
discussed throughout this chapter, these results also varied depending on the population 
estimation method employed for analysis (centroid or polygon).  
 
5.1 Interpretation of multivariate ordinal regression output tables 
For multivariate ordinal regression, each test is given an ordered log-odds (logit) regression 
coefficient. This works in a similar way to coefficients calculated for Kendall’s tau-b, which 
determines the direction (negative or positive) and statistical significance of the relationship 
between the independent variable (ethnicity) and the dependent variable (airborne pollution).  
The test of parallel lines (in SPSS) is applied to each model, testing whether the model has 
satisfied the proportional odds assumption for multivariate ordinal regression. The 
proportional odds assumption assumes that the correlations between the independent 
variables and the dependent variable are not changed as a result of variation in the dependent 
variables categories (Norusĩs, 2011; McKinley et al. 2014; Ari and Yildiz, 2014). This 
assumption determines whether or not a single regression can be used for all ordinal 
categories, or if multiple nominal regressions between the lowest ranked (‘base’) category 
and every other dependent category should be used instead (UCLA, 2015). The parallel lines 
test examines this by determining whether there is a statistically significant difference 
between a model that only models regressions across all categories, and one that allows for 
separate regressions between categories. If there is no statistically significant difference, the 
ordinal model is suitable for analysis (Norusĩs, 2011; UCLA, 2015). Deviance and Pearson 
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statistical tests which test for goodness-of-fit were not included in the output results. These 
tests are oversensitive for large sample sizes and for models with large numbers of zero 
values which were a consistent feature of the datasets in this study..  
 
Independent variables included in the multivariate ordinal regression analysis were based on 
the results of the univariate correlations in Chapter 4. Majority and minority (migrant) 
ethnicity were included as independent variables due to their consistent statistically 
significant correlations with emissions (Section 4.2.1). To avoid collinearity, both categories 
were analysed in separate models. Socio-economic status was also included as an 
independent variable. To avoid collinearity among the SEIFA variables, only IER scores 
were used to represent the influence of socio-economic status due to the consistent 
statistically significant correlations between IER with emissions (discussed in, Section 4.3). 
Population density was also included as an independent variable to maintain more than one 
independent variable in each model, which was necessary in the analysis despite only 
measuring significant correlations with emissions when polygon containment was applied 
(Section 4.4).  Finally, percentage of labour force in manufacturing was included due to its 
prevalence as an explanatory factor in previous environmental racism/justice studies as 
discussed in Chapter 3 (Section 3.3.3). However, manufacturing was only included as an 
explanatory variable for analysis at the SA2 scale as ABS Census data do not provide such 
information at the SA1 level. The dependent variable was airborne pollution as measured by 
the three scoring schemes (weight by emissions, NPI risk scores and workplace threshold 
limits) as discussed in Section 3.2.2). The nature of the categorisation of risk scores meant 
that there were differences in the distribution of the ‘low’ and ‘high’ pollution areas between 
scoring schemes (see Section 3.3.4). An example of this can be seen in figure 5.1, where the 
areas categorised by two scoring schemes at the SA2 scale and using polygon containment 
are shown when using polygon containment at the SA2 scale.  
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Figure 5.1 Comparing distributions of SA2s categorised as ‘Zero’, ‘Low’ and ‘High’ 
pollution across Greater Sydney using weight by emissions verses NPI risk scores 
(polygon containment)  
 
 
Source: Generated in ArcGIS using data from the ABS (2011) and NPI (2011/12) 
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Similarly to the univariate analysis in Chapter 4, there was minimal statistical variation in the 
outputs resulting from the differences between scoring schemes.  Most variation in the results 
occurred due to the influence of varying scales and population estimation methods. This is 
shown in Figures 5.2-5.5, which show the distribution of areas in each pollution category for 
each scale and population estimation method when using workplace threshold limits. They 
also show how the distribution of emissions across Sydney changes across population 
estimation methods in Inner Sydney (Figure 5.4) and Western Sydney at the SA1 scale 
(Figure 5.5). These areas are delineated in Figure 5.3 and show the differences of exposed 
areas between both population estimation methods at a closer view. The distribution of areas 
in each category is affected in this analysis by the areas excluded. Areas were excluded if 
their population numbers were too small to have SEIFA scores allocated (see Section 4.3 for 
a full discussion). Previous studies have also excluded areas due to low population numbers 
affecting how percentages of particular racial/ethnic groups are counted (Mennis and Jordan, 
2005; Chakraborty and Green, 2014). To see the distribution of pollution categories across 
Greater Sydney for all scales, population estimation techniques and scoring schemes, refer to 
Appendix B. 
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Figure 5.2 Comparing polygon versus centroid distribution of SA2s, categorised as ‘Zero’, ‘Low’ and ‘High’ pollution across Greater 
Sydney using TWA limits 
 
  
 
Source: Generated in ArcGIS using data from the ABS (2011) and NPI (2011/12) 
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Figure 5.3 Comparing polygon verses centroid distribution of SA1s categorised as ‘Zero’, ‘Low’ and ‘High’ pollution across Greater 
Sydney using TWA limits  
   
 
Source: Generated in ArcGIS using data from the ABS (2011) and NPI (2011/12) 
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Figure 5.4 Comparing polygon verses centroid distribution of SA1s categorised as ‘Zero’, ‘Low’ and ‘High’ pollution across Inner 
Sydney using TWA limits 
 
  
Source: Generated in ArcGIS using data from the ABS (2011) and NPI (2011/12) 
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Figure 5.5 Comparing polygon verses centroid distribution of SA1s categorised as ‘Zero’, ‘Low’ and ‘High’ pollution across Western 
Sydney using TWA limits 
   
Source: Generated in ArcGIS using data from the ABS (2011) and NPI (2011/12) 
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As outlined in Section 3.3.3, the general formula for the multivariate analysis was: 
 
AIRPOLLU = ƒ[ETHNICITY, SOCIO, DENSITY, MANUF] 
 
Where ETHNICITY is the percentage of either majority ethnicity or minority (migrant) 
ethnicity in an area and SOCIO is the IER score of an area. However at the SA2 scale, to 
determine the influence of socio-economic status on the relationships between majority and 
minority (migrant) ethnicity and airborne emissions, multivariate statistical tests were also 
performed without IER scores. The general formula in these tests was: 
 
AIRPOLLU = ƒ[ETHNICITY, DENSITY, MANUF] 
 
At the SA1 scale, MANUF could not be included as an explanatory variable.  Tests at the 
SA2 scale also excluded MANUF to determine the influence of manufacturing labour force 
on the relationships between both majority and minority (migrant) ethnicity and emissions. 
The model for these tests was: 
 
AIRPOLLU = ƒ[ETHNICITY, SOCIO, DENSITY] 
 
Tests were also conducted with DENSITY excluded, and with SOCIO excluded at the SA1 
scale, however the results of those tests only reinforced the results of the tests included here, 
and so are not included in this chapter. To see the results of these tests, refer to Appendix A. 
 
 
5.2 Results of multivariate analysis at the SA2 scale 
 
5.2.1 Results of multivariate ordinal regression (centroid containment)  
When ethnicity was examined at the SA2 level with centroid containment, alongside IER 
scores, population density and percentage of labour force in manufacturing, neither majority 
nor minority (migrant) ethnicity were found to be statistically significantly correlated with 
airborne emissions. In the case of majority ethnicity, both socio-economic status and 
proportion manufacturing labour force had statistically significant correlations with emissions 
exposure (Table 5.1), thereby proving to be greater determinants of exposure to airborne 
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emissions. Furthermore the relationship between percentage majority ethnicity and socio-
economic status (IER) appeared to account for much of the relationship between majority 
ethnicity and exposure to airborne emissions at the SA2 level. This was demonstrated when 
IER was excluded from the analysis (Table 5.2). as the correlations between majority 
ethnicity for the weight by emissions and workplace thresholds scoring schemes were 
statistically significant for this model. In the case of toxicity weighted by NPI risk scores, the 
correlation was far stronger compared to when socio-economic status was accounted for. 
When manufacturing was excluded as an explanatory factor, the correlations between 
majority ethnicity and emissions were stronger, but not statistically significant, for all scoring 
schemes (Table 5.3).  
 
Table 5.1: Multivariate ordinal regression results for majority ethnicity and airborne 
pollution with all independent population variables (SA2-centroid containment) 
 
 Weight NPI TWA 
Ethnic majority (%) -0.010 (0.305)  -0.010 (0.317) -0.011 (0.294) 
IER -0.007 (0.036)* -0.007 (0.040)* -0.007 (0.036)* 
Population Den. -1.22E-4 (0.420) -1.21E-4 (0.426) -1.29E-4 (0.398) 
Manufacturing (%) 0.057 (0.004)* 0.055 (0.005)* 0.054 (0.006)* 
Parallel Lines test (sig.) 0.865 0.526 0.610 
 
 
 
Table 5.2: Multivariate ordinal regression results for majority ethnicity and airborne 
pollution without IER scores (SA2-centroid containment) 
  
 Weight NPI TWA 
Ethnic majority (%) -0.019 (0.050)* -0.018 (0.055) -0.019 (0.050)* 
Population Den. -3.157E-5 (0.829) -3.156E-5 (0.829) -3.604E-5 (0.806) 
Manufacturing (%) 0.059 (0.003)* 0.058 (0.003)* 0.056 (0.004)* 
Parallel Lines test (sig). 0.771 0.438 0.470 
 
  
 
 
Ordered logit regression coefficient outside brackets, measures of significance in brackets. Significance 
at p<0.05 marked with * 
Ordered logit regression coefficient outside brackets, measures of significance in brackets. Significance 
at p<0.05 marked with * 
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Table 5.3 Multivariate ordinal regression results for majority ethnicity and airborne 
pollution without manufacturing labour force percentage (SA2-centroid containment) 
 Weight NPI  TWA 
Majority (%) -0.017 (0.083) -0.017(0.087) -0.017(0.077) 
IER -0.006 (0.029)* -0.006 (0.030)* -0.007 (0.026)* 
Population Den.  -2.66E-4 (0.086) -2.62E-4 (0.089) -2.70E-4 (0.081) 
Parallel Lines 
test (sig.) 
0.768 0.494 0.879 
 
 
 
Minority (migrant) ethnicity was also not significantly correlated to emissions when labour 
force in manufacturing, IER scores and population density were accounted for as explanatory 
variables. However, by contrast to majority ethnicity, IER was not statistically significant 
when the above variables were all included as explanatory variables (Table 5.4). Yet, when 
IER scores were not accounted for, minority (migrant) ethnicity was a statistically significant 
explanatory variable for all pollution scoring schemes (Table 5.5). When only manufacturing 
was excluded, the correlation between minority (migrant) ethnicity and emissions was 
stronger, but not statistically significant, for all tests (Table 5.6). 
These results suggest that the results of Kendall’s tau-b analysis at this scale and population 
estimation method, where correlations between both majority and minority (migrant) 
ethnicity and exposure to airborne emissions were found to be statistically significant (see 
Section 4.2.1) were not a result of the relationship between ethnicity and manufacturing 
labour force. However, socio-economic status appears to significantly influence the 
correlations between minority (migrant) ethnicity and exposure to airborne emissions at the 
SA2 level. The results of this analysis suggest that the disproportionate under-exposure of 
ethnic majority persons to airborne emissions, and the disproportionate over-exposure of 
ethnic minority (migrant) populations, are a function of these groups’ respective socio-
economic statuses.  
Ordered logit regression coefficient outside brackets, measures of significance in brackets. Significance 
at p<0.05 marked with * 
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Table 5.4: Multivariate ordinal regression results for minority (migrant) ethnicity and 
airborne pollution with all independent population variables (SA2-centroid 
containment) 
  
 Weight NPI TWA 
Ethnic minority 
(migrant) (%) 
0.013 (0.261) 0.012 (0.276) 0.013 (0.244) 
IER -0.006 (0.063) -0.006 (0.067) -0.006 (0.063) 
Population Den. -1.20E-4 (0.427) -1.18E-4 (0.434) -1.28E-4 (0.400) 
Manufacturing (%) 0.057 (0.004)* 0.055 (0.005)* 0.053(0.006)* 
Parallel Lines test (sig.) 0.789 0.392 0.604 
 
 
 
Table 5.5: Multivariate ordinal regression results for minority (migrant) ethnicity and 
airborne pollution without IER scores (SA2-centroid containment) 
  
 Weight NPI TWA 
Ethnic minority 
(migrant) (%) 
0.022 (0.026)* 0.022 (0.030)* 0.023 (0.025)* 
Population Den. -4.609E-5 (0.759) -4.532E-5 (0.762) -5.254E-5 (0.728) 
Manufacturing (%) 0.058 (0.003)* 0.057 (0.004)* 0.055 (0.005)* 
Parallel Lines test (sig.) 0.659 0.282 0.458 
  
 
 
Table 5.6 Multivariate ordinal regression results for minority (migrant) ethnicity and 
airborne pollution without manufacturing labour force percentages (SA2-centroid 
containment) 
 
 Weight NPI TWA 
Minority (%) 0.019 (0.075) 0.019 (0.079) 0.020 (0.064) 
IER -0.006 (0.053) -0.006 (0.055) -0.006 (0.049) 
Population Den.  -2.58E-4 (0.093) -2.55E-4 (0.097) -2.65E-4 (0.087) 
Parallel Lines 
test (sig.) 
0.667 0.327 0.863 
 
 
  
Ordered logit regression coefficient outside brackets, measures of significance in brackets. Significance 
at p<0.05 marked with * 
Ordered logit regression coefficient outside brackets, measures of significance in brackets. Significance 
at p<0.05 marked with * 
Ordered logit regression coefficient outside brackets, measures of significance in brackets. Significance 
at p<0.05 marked with * 
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5.2.2 Results of multivariate ordinal regression (polygon containment)  
At the SA2 scale, using the polygon containment method of population estimation, the 
relationships between both majority and minority (migrant) ethnicities and airborne pollution 
were statistically significant for all models. In the case of majority ethnicity, its relationship 
with airborne pollution was the weakest of all explanatory variables when IER, population 
density and manufacturing were controlled (Table 5.7). When IER scores were excluded from 
the analysis (Table 5.8), the magnitude of the association between majority ethnicity and 
exposure to emissions increased dramatically. This suggests that the relationship between 
majority ethnicity and exposure to airborne pollution is partly due to the relationship between 
majority ethnicity and socio-economic status. However, unlike the results for centroid 
containment, even when the influence of socio-economic status was controlled for majority 
ethnicity remained strongly negatively correlated to exposure to emissions. This was true for 
the influence of manufacturing labour force on the relationship between majority ethnicity 
and emissions as well. When manufacturing labour was excluded from the model, the 
correlation between majority ethnicity and emissions was stronger (Table 5.9).  
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Table 5.7: Multivariate ordinal regression results for majority ethnicity and airborne 
pollution with all population variables (SA2-polygon containment) 
 
 Weight NPI TWA 
Ethnic majority (%) -0.015 (0.013)* -0.014 (0.025)* -0.014 (0.022)* 
IER -0.006 (0.002)* -0.005 (0.006)* -0.005 (0.007)* 
Population Den. -3.32E-4 (0.000)* -3.20E-4 (0.000)* -3.19E-4 (0.001)* 
Manufacturing (%) 0.084 (0.000)* 0.082 (0.000)* 0.087 (0.000)* 
Parallel Lines test (sig.) 0.364 0.271 0.481 
 
 
 
 
Table 5.8: Multivariate ordinal regression results for majority ethnicity and airborne 
pollution without IER scores (SA2-polygon containment) 
 
 Weight NPI TWA 
Ethnic majority (%) -0.021 (0.000)* -0.019 (0.001)* -0.020 (0.001)* 
Population Den. -2.54E-4 (0.004)* -2.53E-4 (0.004)* -2.53E-4 (0.004)* 
Manufacturing (%) 0.085 (0.000)* 0.083 (0.000)* 0.087 (0.000)* 
Parallel Lines test (sig.) 0.241 0.193 0.348 
 
 
 
 
Table 5.9 Multivariate ordinal regression results for majority ethnicity and airborne 
pollution without manufacturing labour force percentages (SA2-polygon containment) 
 
 Weight NPI TWA 
Majority (%) -0.022 (0.000)* -0.020(0.001)* -0.021(0.001)* 
IER -0.006 (0.001)* -0.005 (0.003)* -0.005 (0.004)* 
Population Den.  -4.70E-4 (0.000)* -4.55E-4 (0.000)* -4.59E-4 (0.000)* 
Parallel Lines 
test (sig.) 
0.957 0.878 0.994 
 
 
 
Ordered logit regression coefficient outside brackets, measures of significance in brackets. Significance 
at p<0.05 marked with * 
Ordered logit regression coefficient outside brackets, measures of significance in brackets. Significance 
at p<0.05 marked with * 
Ordered logit regression coefficient outside brackets, measures of significance in brackets. Significance 
at p<0.05 marked with * 
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Minority (migrant) ethnicity was significantly positively associated with airborne pollution 
when all population variables were accounted for, but only for weight by emissions and 
workplace limits for toxicity (Table 5.10).  Comparing these results to the centroid 
containment analysis (Table 5.3), the relationship with emissions had a greater statistical 
significance when using polygon containment. Similarly to majority ethnicity, when IER 
scores (Table 5.11) or manufacturing labour force (Table 5.12) were excluded from the 
analysis, the statistical significance of the correlation between minority (migrant) ethnicity 
and airborne emissions exposure increased substantially. 
The overall results suggest that while manufacturing labour was the most significant predictor 
for exposure to airborne emissions, minority (migrant) ethnicity and majority ethnicity were 
significant explanatory variables, even when accounting for manufacturing labour force and 
socio-economic status. Consequently, unlike the results for centroid containment, these 
results suggest that the fact that ethnic majority persons in Greater Sydney are 
disproportionately under-exposed to airborne emissions; and ethnic minority (migrants) are 
disproportionately over-exposed, is not solely a function of their socio-economic status or ties 
to manufacturing. 
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Table 5.10: Multivariate ordinal regression results for minority (migrant) ethnicity and 
airborne pollution with all population variables (SA2-polygon containment) 
 
 Weight NPI TWA 
Ethnic minority 
(migrant) (%) 
0.015 (0.033)* 0.013 (0.054) 0.014 (0.047)* 
IER  -0.006 (0.003)* -0.005 (0.008)* -0.005 (0.009)* 
Population Den. -3.05E-4 (0.001)* -2.96E-4 (0.001)* -2.94E-4 (0.001)* 
Manufacturing (%) 0.086 (0.000)* 0.084 (0.000)* 0.088 (0.000)* 
Parallel Lines test (sig.) 0.330 0.171 0.419 
 
 
 
 
Table 5.11: Multivariate ordinal regression results for minority (migrant) ethnicity and 
airborne pollution without IER scores (SA2-polygon containment) 
 
 Weight NPI TWA 
Ethnic minority 
(migrant) (%) 
0.022 (0.001)* 0.020 (0.002)* 0.021 (0.002)* 
Population Den. -2.32E-4 (0.007)* -2.34E-4 (0.006)* -2.32E-4 (0.007)* 
Manufacturing (%) 0.087 (0.000)* 0.084 (0.000)* 0.089 (0.000)* 
Parallel Lines test (sig.) 0.267 0.120 0.309 
 
 
 
 
 
Table 5.12 Multivariate ordinal regression results for minority (migrant) ethnicity and 
airborne pollution without manufacturing labour force percentages (SA2-polygon 
containment) 
 Weight NPI TWA 
Minority (%) 0.021 (0.002)* 0.019 (0.005)* 0.020 (0.003)* 
IER -0.006 (0.001)* -0.005 (0.004)* -0.005 (0.005)* 
Population Den.  -4.33E-4 (0.000)* -4.21E-4 (0.000)* -4.23E-4 (0.000)* 
Parallel Lines 
test (sig.) 
0.937 0.639 0.945 
 
 
 
Ordered logit regression coefficient outside brackets, measures of significance in brackets. Significance 
at p<0.05 marked with * 
Ordered logit regression coefficient outside brackets, measures of significance in brackets. Significance 
at p<0.05 marked with * 
Ordered logit regression coefficient outside brackets, measures of significance in brackets. Significance 
at p<0.05 marked with * 
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5.3 Results of multivariate analysis at the SA1 scale 
 
5.3.1 Results of multivariate ordinal regression (centroid containment)  
For multivariate ordinal regression at the (finer-grained) SA1 scale using centroid 
containment, the statistical significance of the relationships between both ethnic categories 
and exposure to airborne emissions were far greater than those observed at the SA2 scale. For 
all tests the statistical significance between both ethnic categories and emissions was always 
greater than p<0.001, even when socio-economic status and population density were 
controlled. This could be a result of the absence of the manufacturing labour variable but it is 
difficult to determine to know since the results of the entire model may change significantly 
if manufacturing could be included as an explanatory variable at this scale. 
 
Unlike the tests at the SA2 scale, when socio-economic status and population density were 
accounted for alongside majority ethnicity at the SA1 scale, majority ethnicity was found to 
be more statistically significant than socio-economic status for all tests (Table 5.13). These 
results suggest that the negative correlation between majority ethnicity and exposure to 
airborne pollution (at the SA1 scale) is not explained by the relationship between socio-
economic status and majority ethnicity.  
 
Table 5.13 Multivariate ordinal regression results for majority ethnicity and airborne 
pollution with all independent population variables (SA1-centroid containment) 
 
 Weight NPI TWA 
Ethnic majority 
(%) 
        -0.018 (0.000)*          -0.018 (0.000)* -0.018 (0.000)* 
IER -0.001 (0.001)* -0.001 (0.001)* -0.001 (0.001)* 
Population Den. -4.811E-6 (0.446) -4.811E-6 (0.446) -4.811E-6 (0.446) 
Parallel Lines 
test (sig.) 
0.360 0.360 0.360 
 
 
Similarly, there were highly statistically significant correlations between minority (migrant) 
ethnicity and exposure to emissions when the influence of socio-economic status and 
population density were accounted for (Table 5.14). Furthermore, minority (migrant) 
ethnicity had a correlation of greater magnitude to emissions exposure than socio-economic 
Ordered logit regression coefficient outside brackets, measures of significance in brackets. Significance 
at p<0.05 marked with * 
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status, suggesting that ethnicity is the more important explanatory variable at the SA1 scale. 
These results suggest that, as in the univariate analyses (Chapter 4, Section 4.2.1), as more 
precise spatial scales of analysis are employed, stronger correlations between both majority 
and minority (migrant) ethnicity and exposure to airborne emissions are found. It also 
suggests that, at these more precise scales, ethnicity becomes a primary determinant for 
exposure to airborne emissions that cannot be explained through the relationships between 
ethnicity and socio-economic status.  
 
Table 5.14: Multivariate ordinal regression results for minority (migrant) ethnicity and 
airborne pollution with all independent population variables (SA1-centroid 
containment) 
 
 Weight NPI TWA 
Ethnic minority 
(migrant) (%) 
0.018 (0.000)* 0.018 (0.000)* 0.018 (0.000)* 
IER -0.001 (0.004)* -0.001 (0.004)* -0.001 (0.004)* 
Population Den. 8.57E-6 (0.188) 8.57E-6 (0.188) 8.57E-6 (0.188) 
Parallel Lines test 
(sig.) 
0.113 0.113 0.113 
 
 
 
 
5.3.2 Results of multivariate ordinal regression (polygon containment)  
At the SA1 scale, when polygon analysis was employed as the population estimation method, 
majority ethnicity showed extremely statistically significant correlations with airborne 
pollution (for all scoring methods) when IER and population density were controlled (Table 
5.15). This was also true for minority (migrant) ethnicity (Table 5.16). Similarly to the results 
with centroid containment, these results suggest that the relationship between socio-economic 
status and ethnicity does not explain why areas of Greater Sydney with high proportions of 
ethnic majority persons are less likely to be exposed to airborne emissions. Furthermore, it 
cannot explain why areas with high proportions of ethnic minority (migrant) persons are 
more likely to be exposed to airborne emissions. The analysis again shows that majority and 
minority (migrant) ethnicity are significant explanatory variables at finer spatial scales that 
cannot be accounted for through socio-economic status. It is possible that other population 
variables that have not been accounted for in this study may explain this relationship, and 
Ordered logit regression coefficient outside brackets, measures of significance in brackets. Significance 
at p<0.05 marked with * 
90 
 
further research is required to ascertain what such variables might be in order to determine 
their influence.  
 
Table 5.15: Multivariate ordinal regression results for majority ethnicity and airborne 
pollution with all independent population variables (SA1-polygon containment) 
 
 Weight NPI TWA 
Ethnic majority 
(%) 
-0.015 (0.000)* -0.016(0.000)* -0.015(0.000)* 
IER -0.001 (0.000)* -0.001 (0.000)* -0.001 (0.000)* 
Population Den.  -3.41E-5 (0.000)* -3.18E-5 (0.000)* -3.18E-5 (0.000)* 
Parallel Lines 
test (sig.) 
0.315 0.250 0.809 
 
 
 
Table 5.16: Multivariate ordinal regression results for minority (migrant) ethnicity and 
airborne pollution with all independent population variables (SA1-polygon 
containment) 
 
 Weight NPI TWA 
Ethnic minority 
(migrant) (%) 
0.016 (0.000)* 0.016 (0.000)* 0.015 (0.000)* 
IER -0.001 (0.000)* -0.001 (0.000)* -0.001 (0.000)* 
Population Den. -3.73E-5 (0.000)* -3.50E-5 (0.000)* -3.46E-5 (0.000)* 
Parallel Lines 
test (sig.) 
0.231 0.107 0.077 
 
 
 
  
Ordered logit regression coefficient outside brackets, measures of significance in brackets. Significance 
at p<0.05 marked with * 
Ordered logit regression coefficient outside brackets, measures of significance in brackets. Significance 
at p<0.05 marked with * 
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5.4 Discussion 
 
The results of the multivariate ordinal regressions conducted in this study demonstrate the 
important influence of spatial scale and population estimation methods on correlations 
between population variables and pollution in environmental racism/justice studies. In this 
chapter, similarly to the results of the univariate analysis in  Chapter 4, the results differed 
depending on the spatial scale (SA1 or SA2) and population estimation method (polygon or 
containment) used. In very few cases did the results differ as a result of the pollution scoring 
scheme (NPI, weight of emissions or workplace exposure) used to determine the intensity of 
emissions exposure.. Furthermore, beyond a direct differential exposure to hazards analysed 
in chapter 4, the influence of different population variables on relationships between ethnicity 
and environmental hazards are highly subject to the influences of scale and population 
estimation. By extension, the way inequitable social structures based on ethnicity are 
understood to operate is affected. A number of research studies have comparatively examined 
correlations between populations of interest and exposure to environmental hazards at 
different scales (McMaster et al. 1997), using different population estimation methods 
(Mohai and Saha, 2006) and multiple scoring schemes for hazards (Sadd et al. 1999; 
Chakraborty, 2012). Some studies have investigated these variations within multivariate 
analysis to examine how these factors affect the influence that other population variables 
have on the relationships between race/ethnicity and pollution (Ash and Fetter, 2004; Sicotte 
and Swanson, 2007). However, very few studies internationally, and no Australian 
environmental racism/justice studies, have accounted for these factors in their findings. 
Consequently, this chapter has addressed the third major aim of the project, which was to 
investigate how scale and various methods for population estimation affect measured 
correlations between population variables and exposure to emissions (Section 1.4).     
 
In the case of majority and minority (migrant) ethnicity in this study, the most significant 
patterns were dictated by spatial scale. Correlations examined at the SA2 scale(particularly 
when using centroid containment) between ethnicity and exposure to airborne emissions were 
strongly influenced by socio-economic status. Because socio-economic status was 
significantly negatively correlated to exposure to airborne emissions, it was possible to 
conclude that ethnic majority persons tend to reside in higher socio-economic status SA2s 
with low exposure to airborne emissions. One example of this is the Avalon-Palm Beach 
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SA2, which has the 6th highest percentage of ethnicity majority persons in Sydney,  one of the 
lowest minority (migrant) ethnicities, one of the highest IER scores and no exposure to 
emissions as measured by workplace threshold limits (Table 5.17). 
 
Table 5.17: Place profile-example of SA2 with high percentage of majority ethnicity and 
zero airborne pollution 
SA2  % ethnic minority 
(Migrant) 
% ethnic majority IER score TWA category 
Avalon-Palm 
Beach 
1.82% (16th 
lowest) 
88.91% (6th 
highest) 
1106.92 (37th 
highest) 
Zero Pollution 
 
Equally, ethnic minority (migrant) persons, tend to reside in lower socio-economic status 
SA2s with higher exposure to airborne emissions. An example of this is the Parramatta-
Rosehill SA2, which was in the ‘high pollution’ category for workplace threshold limits. The 
Parramatta-Rosehill SA2 has the 4th highest percentage of ethnic minority (migrant) 
residents, the 15th lowest percentage of ethnic majority residents, and is in the lowest 10% of 
areas for socio-economic status (Table 5.18). 
 
Table 5.18: Place profile-example of SA2 with high percentage of minority (migrant) 
ethnicity and high airborne pollution 
 
SA2  % ethnic 
minority 
(Migrant) 
% ethnic 
majority 
IER score TWA category 
Parramatta-
Rosehill 
74.39% (4th 
highest) 
15.76% (15th 
lowest) 
874.33 (11th 
lowest) 
High Pollution 
 
For all tests at the SA2 scale, correlations between socio-economic status and exposure to 
airborne emissions were of a greater magnitude than those between both majority and 
minority (migrant) ethnicity and airborne emissions. Consequently, at the SA2 scale, socio-
economic status accounts for the distribution of airborne emissions better than ethnicity does. 
 
By contrast, when correlations were analysed at the more precise SA1 scale, socio-economic 
status did not account for the correlations between majority and minority (migrant) ethnicity 
and exposure to airborne emissions. Instead, both ethnicity categories had significant 
correlations with airborne pollution even when the influence of socio-economic status was 
controlled. This means that at the SA1 scale, the correlations between both majority and 
minority (migrant) ethnicity and airborne pollution did not result from the relationship 
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between ethnic categories and socio-economic status. In fact, when using centroid 
containment, both majority and minority (migrant) ethnicity had a more significant 
correlation with airborne emissions exposure than socio-economic status for all scoring 
schemes. This means that in these cases, majority and minority (migrant) ethnicity account 
for the distribution of airborne emissions across Greater Sydney better than socio-economic 
status does. 
While these results are important, they should be considered in light of the fact that the 
percentage of manufacturing labour force could not be included as an explanatory variable at 
this scale. While the percentage of labour force in manufacturing did not significantly 
influence the relationships between both majority or minority (migrant) ethnicity and 
airborne pollution at the SA2 scale, the effects of scale could mean that manufacturing labour 
force is a significant influence at the SA1 scale. 
 
Consistent significant positive relationships between minority (migrant) ethnicity and 
airborne emissions, and negative relationships between majority ethnicity and airborne 
emissions, were present in both the multivariate ordinal regressions (in this chapter) and 
univariate analysis (Chapter 4). This further demonstrates the existence of an inequitable 
social structure based on ethnicity in Greater Sydney. These results suggest that at more 
precise spatial scales of analysis, the correlations between both ethnic categories and 
exposure to airborne emissions become stronger. Furthermore, the strength of these 
correlations becomes less tied to the relationship between ethnicity and socio-economic status 
at finer-grained spatial scales. Arguably, at the very least this means that the existence of 
racial hierarchies is not solely tied to socio-economic status.  
 
While earlier studies suggested that links between socio-economic status and race/ethnicity 
meant that the latter was not significant when accounting for the spatial distribution of 
environmental hazards, contemporary studies have noted that such explanatory variables seek 
to highlight rather than ignore the nature of racial hierarchies ( Schlosberg, 2004; Mohai et al. 
2009; Schlosberg, 2013). As discussed in (Section 2.2.3, inequitable social structures are 
often the result of historical factors rather than directly intentional actions, which in turn, 
maintain inequitable exposure to hazards.  
 
Previous Australian environmental justice studies have found socio-economic status to 
correlate strongly with emissions, but none have assessed its influence on the relationships 
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between ethnicity and pollution. The findings of this chapter suggest that further Australian 
research in this area should give greater attention to the influence of various explanatory 
variables such as socio-economic status on relationships between ethnicity and environmental 
hazards. However, attention should also be given to the influence of variables beyond socio-
economic status and population density  (which are subject to zoning regulation and market 
forces).Consequently the results of this chapter have addressed, in more detail, the first aim 
of this project: to explore the statistical correlations between ethnicity and exposure to 
airborne emissions.  
 
5.5 Conclusions   
This chapter has demonstrated that the measured correlations between the dependent 
variables (ethnicity, socio-economic status, population density and manufacturing labour 
force) and the independent variable (airborne emissions exposure) are subject to the influence 
of spatial scale and population estimation methods. The disproportionate under-exposure of 
majority ethnicity and the over-exposure of minority (migrant) ethnicity to airborne 
emissions are in part explained by the relationships between ethnicity and socio-economic 
status. Furthermore socio-economic status is a more significant determinant of the exposure a 
statistical area has to airborne emissions than ethnicity, at the SA2 scale. The results of this 
chapter, however, show that the interaction of these variables is dependent on the scale of 
measurement and the population estimation methods employed, all of which have their 
benefits and their limitations. The findings of this chapter have important implications for 
future environmental justice studies examining the influence of variables on the relationships 
between population variables and environmental phenomena. Furthermore, the findings 
demonstrate the need for future Australian environmental racism/justice research to consider 
the influence of population variables including socio-economic status on relationships 
between ethnicity and environmental phenomena. Chapter 6 builds upon the implications of 
these results and discusses potential avenues for future research.  
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Chapter 6: Conclusion 
 
This thesis has attempted to address the lack of quantitative empirical environmental racism 
research in Australia. At the same time, this study has given greater attention to ethnicity 
relative to previous Australian and overseas research. In particular, more attention has been 
given to non-Indigenous ethnic minorities through a focus on individuals of minority 
(migrant) ethnic backgrounds, Southern and Eastern European and mixed ethnicity 
backgrounds. Greater attention has also been given to the influence of varying scales, 
population estimation methods and pollution measurements compared to previous Australian 
studies. As a result, this study found evidence that various populations differentiated by 
ethnicity experienced differential exposure to airborne pollutants in Greater Sydney. Ethnic 
majority (Anglo-European)  populations were found to be the least likely to live in areas with 
high exposure to pollutants, and ethnic minority (migrant) populations were  most likely to 
live in areas with high exposure to emissions. These findings correspond to the results of the 
majority of environmental racism studies conducted internationally and in Australia (as 
outlined in Section 2.4), which have found that ethnic minority persons are disproportionately 
exposed to environmental hazards. However, the measured statistical correlations between 
ethnic groups and emissions in this study varied dramatically in some cases depending on the 
scale and population estimation method used. As a result, the importance of accounting for 
the influence of scale and population estimates adopted in future environmental 
racism/justice research was demonstrated in this study. 
 
This study achieved two out of the three aims set out in Section 1.4. It succeeded in its first 
aim, which was to analyse the correlations between ethnicity, socio-economic status and the 
location of pathogenic environmental variables (specifically airborne emissions) in Greater 
Sydney. Due to unavoidable data constraints, this study was unable to achieve its second aim, 
which was to examine the spatial correlations between ethnicity, socio-economic status and 
environmental variables in Greater Sydney. However, it achieved its third aim, to explore 
how the spatial scale and resolution of analysis influenced the correlations between ethnicity, 
socio-economic status and the location of pathogenic environmental variables. 
 
The statistical analyses conducted in this study found that for different scales (SA1 and SA2) 
and population estimation methods (polygon and centroid containment), only two broad 
ethnic categories had consistent statistically significant correlations with exposure to 
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emissions. Residential areas dominated by the ethnic majority were consistently negatively 
associated with airborne emissions in Greater Sydney. By contrast, residential areas with 
larger ethnic minority (migrant) populations were the most likely to experience high levels of 
airborne pollution (Section 4.2.1). Correlations for the other ethnic groupings used in this 
study were variable, depending on the scale and population estimation method adopted. The 
residential distribution of Southern and Eastern European populations in Greater Sydney was 
not significantly correlated with high exposure to emissions when measured at the SA2 level. 
However, at the SA1 scale, the residential distributions of Southern and Eastern European 
populations were significantly positively correlated to areas experiencing high levels of 
airborne emissions (Section 4.2.3). The distribution of Indigenous populations was 
significantly positively correlated to emissions when polygon containment was used for 
estimating population numbers at both scales, but no significant correlations were measured 
when centroid containment was used (Section 4.2.2). Populations of mixed ethnicity had no 
significant correlations for any test (Section 4.2.4).   
 
In this study, other population variables also tended to vary in their correlations with airborne 
pollution, depending on the scale and population estimate adopted. Socio-economic status 
was, for the vast majority of cases, negatively associated with pollution, meaning that areas 
of higher socio-economic status are less exposed to airborne pollution (Section 4.3). 
Furthermore, population density tended to be negatively associated with pollution, but only 
when polygon containment was used for estimating population exposure (Section 4.4).  
 
When multivariate ordinal regression was conducted, the relationships between majority and 
minority (migrant) ethnicity and airborne emissions could in part be explained by the 
relationship between those ethnic categories and socio-economic status. However, this varied 
dramatically depending on the scale and population estimates used, as shown in Chapter 5. At 
the SA2 scale, socio-economic status accounted for the relationship between ethnicity and 
pollution to some degree (Section 5.2). However at the SA1 level, the relationships between 
majority and minority (migrant) ethnicity and pollution were not significantly influenced by 
socio-economic status (Section 5.3). At this scale, when using centroid containment, majority 
and minority (migrant) ethnicity had more significant correlations with pollution than socio-
economic status did (Section 5.3.1). Previous studies that have used multivariate analysis to 
examine the influence of other population variables on the relationship between ethnicity/race 
and pollution have often had mixed results in determining the influence of socio-economic 
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status on this relationship (Sadd et al. 1999; Mohai and Saha, 2006; Sicotte and Swanson, 
2007; Chakraborty, 2012). The majority of studies have concluded that socio-economic status 
is a stronger explanatory variable regarding environmental hazards, however race/ethnicity is 
still a statistically significant factor (Chakraborty et al. 2011). The results of this study add to 
this consensus, although changes in results due to the influence of scale and population 
estimation methods are also acknowledged. Particular note should be made of the fact that the 
influence of socio-economic status on the relationship between ethnicity and pollution was 
weaker at the most precise scale, which many researchers have argued is the better scale to 
use for quantitative studies. This suggests that variables other than socio-economic status 
account for the relationships between ethnicity and pollution (see Section 5.4 for full 
discussion). Future environmental justice/racism studies should give focus to understanding 
these variables in quantitative studies focusing on Greater Sydney and other localities around 
Australia. The results of the multivariate analysis also suggest that historical studies of 
Greater Sydney are necessary to examine the underlying causes of systemic racism expressed 
through airborne emissions and other environmental hazards. 
 
The findings of this analysis have important implications for future environmental racism and 
justice research in Australia. Current quantitative research in Australia has focused on 
Indigenous populations (Chakraborty and Green, 2014; Knibbs and Barnett, 2015); however 
the results of this study demonstrate the need to give focus to other ethnic minorities. In 
particular, the importance of examining minority (migrant) ethnicities in future 
environmental racism/justice studies in Australia and abroad is apparent. The findings of this 
study showed that in Greater Sydney, the city with the greatest number and proportion of 
ethnic minority migrants in Australia (Forrest and Dunn, 2010; ABS, 2013a; 2014), these 
groups were disproportionately exposed to airborne emissions (Section 4.2.1). Future 
environmental racism/justice research in Australia should examine ethnic minority (migrant) 
populations across other localities in Australia to determine if the patterns found in this study 
are consistent. Furthermore, historical community studies of Greater Sydney examining the 
formation of racial hierarchies in Sydney will be necessary. This study also has significant 
implications for future research on systemic racism in Australia, demonstrating that greater 
attention should be given to ethnic minority (migrant) populations when focusing in other 
aspects of systemic racism, such as health.  
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Many of the implications of this study, that pertain to ethnic minority (migrant) populations 
also hold true for Southern and Eastern European populations. While the results for this study 
were not conclusive regarding the exposure of Southern and Eastern European populations to 
airborne emissions, future studies should give greater attention this group (Section 4.2.3). At 
the very least, Southern and Eastern European ethnicity is worthy of examination as 
individuals from these backgrounds do not fit neatly into either the ethnic majority population 
of Australia, or alongside more recent groups of ‘visibly different’ migrants from beyond 
Europe, who are targets of intense discrimination in contemporary Australia (Jayasuriya, 
2002; Forrest and Dunn, 2006b, discussed in Section 3.1.3. Furthermore, the results of this 
study, which found significant correlations between Southern and Eastern European 
populations and airborne emissions at the SA1 level, demand further quantitative empirical 
investigations in Greater Sydney. 
 
The results of this study for Indigenous populations are also important as they correspond to 
some extent with the results of previous environmental racism studies in Australia 
(Chakraborty and Green 2014). The relationships between Indigenous ethnicity and pollution 
found in this study can be accounted for to some extent by the less significant presence of 
Indigenous populations in Greater Sydney, as Indigenous populations are most prominent in 
rural Australia (where they tend to make up a larger proportion of local populations) than in 
urban and coastal areas in the country’s south-east (ABS, 2007; 2011c). Future research 
should give further attention to the ways in which the relationships between Indigenous 
populations and exposure to pollution vary according to the spatial area of study.  
 
It should be noted that this study could not fulfil one of its aims. The investigation of spatial 
relationships between ethnicity and exposure to airborne emissions in Greater Sydney was 
not undertaken as discussed in Section 3.3.2. Investigating spatial influences on the 
relationship between ethnicity and emissions can not only reveal where the relationship is 
strongest, but may also change the relationship altogether, revealing more about the 
interactions between ethnicity and environmental hazards (Mennis and Jordan, 2005; 
Chakraborty et al. 2011). Ultimately the most accessible forms of spatial analysis available 
for this study could not be used due to the nature of the data and the statistical assumptions 
that were violated. While this study could not give attention to the effects of space, an 
increasing body of research has focused on how the spatial distribution of race/ethnicity and 
environmental hazards influences the relationship between them (Chakraborty et al. 2011). 
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Current Australian research in the area of environmental justice and racism has given little to 
no empirical consideration to the effects of space on relationships between population 
variables and environmental phenomena. Future research should give attention to how 
relationships between ethnicity and environmental hazards are influenced by spatial effects 
such as clustering and dispersion. Future studies should also focus on the nature of statistical 
and spatial forms of analysis and the assumptions that they carry with them, as the nature of 
data used in environmental racism/justice studies may mean that such measures are not 
appropriate. 
 
The importance of accounting for scale and population estimation methods was also 
demonstrated in this project. Much academic research has been devoted to examining which 
scale and population estimation method is the ‘best’ for researchers examining environmental 
justice/racism (Bowen and Wells, 2002; Baden et al. 2007; Walker, 2009). However, few 
authors have compared the results from scales and population estimation methods to account 
for the effects of these factors. The results of this paper demonstrate the importance of 
accounting for the influence of scale and population estimation methods, especially because 
research in this area often informs advocacy and policy outcomes (Baden et al. 2007). 
 
A critical point is that the findings of this study help to highlight patterns of ethnically-based 
social inequality and how they operate. The clustering of airborne pollutants into areas where 
ethnic minorities are most prominent has serious long-term implications for health, education 
and poverty (Legot et al. 2010; Rosofsky et al. 2013;). Future generations of ethnic groups 
living nearest to environmental hazards will have more serious health issues later. This in 
turn, potentially leads to decreased academic performance, as students in these areas may be 
more affected by health problems and thus unable to fulfil their full educational potential 
(Legot et al. 2010; Rosofsky et al. 2013; London et al. in press). This in turn potentially 
affects occupational opportunities and socio-economic status over the life course, entrenching 
certain ethnic groups into cycles of poverty as a result. Investigating the phenomena behind 
the differential exposure to airborne emissions, which may result from relationships between 
ethnicity and socio-economic status, is important for policy formation and advocacy to 
combat these potential cycles of poverty. The findings of this study suggest that to properly 
account for and combat patterns of entrenched poverty, factors beyond socio-economic status 
must be investigated. This will require further empirical quantitative studies in the Greater 
Sydney area as well as in other localities across Australia. Future studies investigating the 
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history of diverse migrant communities in Greater Sydney may also help to illuminate the 
presence and operation of inequitable ethnically-based social structures in this city.    
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Appendix A:  List of multivariate output tables for all applied models 
SA2-Centroid containment 
Table 1 Multivariate ordinal regression results for majority ethnicity and airborne 
pollution with all independent population variables (SA2-centroid containment) 
 Weight NPI TWA 
Ethnic majority (%) -0.010 (0.305)  -0.010 (0.317) -0.011 (0.294) 
IER -0.007 (0.036)* -0.007 (0.040)* -0.007 (0.036)* 
Population Den. -1.22E-4 (0.420) -1.21E-4 (0.426) -1.29E-4 (0.398) 
Manufacturing (%) 0.057 (0.004)* 0.055 (0.005)* 0.054 (0.006)* 
Parallel Lines test (sig.) 0.865 0.526 0.610 
 
 
 
 
Table 2 Multivariate ordinal regression results for majority ethnicity and airborne 
pollution without IER scores (SA2-centroid containment) 
 Weight NPI TWA 
Ethnic majority (%) -0.019 (0.050)* -0.018 (0.055) -0.019 (0.050)* 
Population Den. -3.157E-5 (0.829) -3.156E-5 (0.829) -3.604E-5 (0.806) 
Manufacturing (%) 0.059 (0.003)* 0.058 (0.003)* 0.056 (0.004)* 
Parallel Lines test (sig). 0.771 0.438 0.470 
 
  
 
 
Table 3 Multivariate ordinal regression results for majority ethnicity and airborne 
pollution without manufacturing labour force percentages (SA2-centroid containment) 
 Weight NPI TWA 
Majority (%) -0.017 (0.083) -0.017(0.087) -0.017(0.077) 
IER -0.006 (0.029)* -0.006 (0.030)* -0.007 (0.026)* 
Population Den.  -2.66E-4 (0.086) -2.62E-4 (0.089) -2.70E-4 (0.081) 
Parallel Lines 
test (sig.) 
0.768 0.494 0.879 
 
 
 
 
Ordered logit regression coefficient outside brackets, measures of significance in brackets. Significance 
at p<0.05 marked with * 
Ordered logit regression coefficient outside brackets, measures of significance in brackets. Significance 
at p<0.05 marked with * 
Ordered logit regression coefficient outside brackets, measures of significance in brackets. Significance 
at p<0.05 marked with * 
113 
 
Table 4 Multivariate ordinal regression results for majority ethnicity and airborne 
pollution with population density (SA2-centroid containment) 
 Weight NPI TWA 
Majority (%) -0.024 (0.009)* -0.024(0.009)* -0.025(0.008)* 
Population Den.  -1.85E-4 (0.213) -1.83E-4 (0.217) -1.86E-4 (0.210) 
Parallel Lines 
test (sig.) 
0.597 0.338 0.740 
 
 
 
 
Table 5 Multivariate ordinal regression results for minority (migrant) ethnicity and 
airborne pollution with all independent population variables (SA2-centroid 
containment)  
 Weight NPI TWA 
Ethnic minority 
(migrant) (%) 
0.013 (0.261) 0.012 (0.276) 0.013 (0.244) 
IER -0.006 (0.063) -0.006 (0.067) -0.006 (0.063) 
Population Den. -1.20E-4 (0.427) -1.18E-4 (0.434) -1.28E-4 (0.400) 
Manufacturing (%) 0.057 (0.004)* 0.055 (0.005)* 0.053(0.006)* 
Parallel Lines test (sig.) 0.789 0.392 0.604 
 
 
 
 
Table 6 Multivariate ordinal regression results for minority (migrant) ethnicity and 
airborne pollution without IER scores (SA2-centroid containment)  
 Weight NPI TWA 
Ethnic minority 
(migrant) (%) 
0.022 (0.026)* 0.022 (0.030)* 0.023 (0.025)* 
Population Den. -4.609E-5 (0.759) -4.532E-5 (0.762) -5.254E-5 (0.728) 
Manufacturing (%) 0.058 (0.003)* 0.057 (0.004)* 0.055 (0.005)* 
Parallel Lines test (sig.) 0.659 0.282 0.458 
  
 
 
 
Ordered logit regression coefficient outside brackets, measures of significance in brackets. Significance 
at p<0.05 marked with * 
Ordered logit regression coefficient outside brackets, measures of significance in brackets. Significance 
at p<0.05 marked with * 
Ordered logit regression coefficient outside brackets, measures of significance in brackets. Significance 
at p<0.05 marked with * 
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Table 7 Multivariate ordinal regression results for minority (migrant) ethnicity and 
airborne pollution without manufacturing labour force percentages (SA2-centroid 
containment) 
 Weight NPI TWA 
Minority (%) 0.019 (0.075) 0.019 (0.079) 0.020 (0.064) 
IER -0.006 (0.053) -0.006 (0.055) -0.006 (0.049) 
Population Den.  -2.58E-4 (0.093) -2.55E-4 (0.097) -2.65E-4 (0.087) 
Parallel Lines 
test (sig.) 
0.667 0.327 0.863 
 
 
 
 
 
Table 8 Multivariate ordinal regression results for minority (migrant) ethnicity and 
airborne pollution with population density (SA2-centroid containment) 
 Weight NPI TWA 
Minority (%) -0.028 (0.004)* -0.028(0.005)* -0.029(0.003)* 
Population Den.  -1.96E-4 (0.200) -1.94E-4 (0.205) -2.01E-4 (0.291) 
Parallel Lines 
test (sig.) 
0.473 0.190 0.709 
 
 
 
  
Ordered logit regression coefficient outside brackets, measures of significance in brackets. Significance 
at p<0.05 marked with * 
Ordered logit regression coefficient outside brackets, measures of significance in brackets. Significance 
at p<0.05 marked with * 
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SA2 (Polygon containment) 
 
 
Table 9 Multivariate ordinal regression results for majority ethnicity and airborne 
pollution with all population variables (SA2-polygon containment) 
 Weight NPI TWA 
Ethnic majority (%) -0.015 (0.013)* -0.014 (0.025)* -0.014 (0.022)* 
IER -0.006 (0.002)* -0.005 (0.006)* -0.005 (0.007)* 
Population Den. -3.32E-4 (0.000)* -3.20E-4 (0.000)* -3.19E-4 (0.001)* 
Manufacturing (%) 0.084 (0.000)* 0.082 (0.000)* 0.087 (0.000)* 
Parallel Lines test (sig.) 0.364 0.271 0.481 
 
 
 
 
Table 10 Multivariate ordinal regression results for majority ethnicity and airborne 
pollution without IER scores (SA2-polygon containment) 
 Weight NPI TWA 
Ethnic majority (%) -0.021 (0.000)* -0.019 (0.001)* -0.020 (0.001)* 
Population Den. -2.54E-4 (0.004)* -2.53E-4 (0.004)* -2.53E-4 (0.004)* 
Manufacturing (%) 0.085 (0.000)* 0.083 (0.000)* 0.087 (0.000)* 
Parallel Lines test (sig.) 0.241 0.193 0.348 
•  
•  
 
 
Table 11 Multivariate ordinal regression results for majority ethnicity and airborne 
pollution without manufacturing labour force percentages (SA2-polygon containment) 
 Weight NPI TWA 
Majority (%) -0.022 (0.000)* -0.020(0.001)* -0.021(0.001)* 
IER -0.006 (0.001)* -0.005 (0.003)* -0.005 (0.004)* 
Population Den.  -4.70E-4 (0.000)* -4.55E-4 (0.000)* -4.59E-4 (0.000)* 
Parallel Lines 
test (sig.) 
0.957 0.878 0.994 
 
 
 
Ordered logit regression coefficient outside brackets, measures of significance in brackets. Significance 
at p<0.05 marked with * 
Ordered logit regression coefficient outside brackets, measures of significance in brackets. Significance 
at p<0.05 marked with * 
Ordered logit regression coefficient outside brackets, measures of significance in brackets. Significance 
at p<0.05 marked with * 
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Table 12 Multivariate ordinal regression results for majority ethnicity and airborne 
pollution with population density (SA2-polygon containment) 
 Weight NPI TWA 
Majority (%) -0.028 (0.000)* -0.026(0.000)* -0.027(0.000)* 
Population Den.  -3.95E-4 (0.000)* -3.90E-4 (0.000)* -3.95E-4 (0.000)* 
Parallel Lines 
test (sig.) 
0.830 0.841 0.992 
 
 
Table 13 Multivariate ordinal regression results for minority (migrant) ethnicity and 
airborne pollution with all population variables (SA2-polygon containment) 
 Weight NPI TWA 
Ethnic minority 
(migrant) (%) 
0.015 (0.033)* 0.013 (0.054) 0.014 (0.047)* 
IER  -0.006 (0.003)* -0.005 (0.008)* -0.005 (0.009)* 
Population Den. -3.05E-4 (0.001)* -2.96E-4 (0.001)* -2.94E-4 (0.001)* 
Manufacturing (%) 0.086 (0.000)* 0.084 (0.000)* 0.088 (0.000)* 
Parallel Lines test (sig.) 0.330 0.171 0.419 
 
 
 
Table 14 Multivariate ordinal regression results for minority (migrant) ethnicity and 
airborne pollution without IER scores (SA2-polygon containment) 
 Weight NPI TWA 
Ethnic minority 
(migrant) (%) 
0.022 (0.001)* 0.020 (0.002)* 0.021 (0.002)* 
Population Den. -2.32E-4 (0.007)* -2.34E-4 (0.006)* -2.32E-4 (0.007)* 
Manufacturing (%) 0.087 (0.000)* 0.084 (0.000)* 0.089 (0.000)* 
Parallel Lines test (sig.) 0.267 0.120 0.309 
 
 
 
 
Ordered logit regression coefficient outside brackets, measures of significance in brackets. Significance 
at p<0.05 marked with * 
Ordered logit regression coefficient outside brackets, measures of significance in brackets. Significance 
at p<0.05 marked with * 
Ordered logit regression coefficient outside brackets, measures of significance in brackets. Significance 
at p<0.05 marked with * 
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Table 15 Multivariate ordinal regression results for minority (migrant) ethnicity and 
airborne pollution without manufacturing labour force percentages (SA2-polygon 
containment) 
 Weight NPI TWA 
Ethnic Minority 
(migrant) (%) 
0.021 (0.002)* 0.019 (0.005)* 0.020 (0.003)* 
IER -0.006 (0.001)* -0.005 (0.004)* -0.005 (0.005)* 
Population Den.  -4.33E-4 (0.000)* -4.21E-4 (0.000)* -4.23E-4 (0.000)* 
Parallel Lines 
test (sig.) 
0.937 0.639 0.945 
 
 
 
Table 16 Multivariate ordinal regression results for minority (migrant) ethnicity and 
airborne pollution with population density (SA2-polygon containment) 
 Weight NPI TWA 
Minority (%) -0.029 (0.000)* -0.026 (0.000)* -0.028 (0.000)* 
Population Den.  -3.63E-4 (0.000)* -3.61E-4 (0.000)* -3.64E-4 (0.000)* 
Parallel Lines 
test (sig.) 
0.982 0.544 0.901 
 
 
  
Ordered logit regression coefficient outside brackets, measures of significance in brackets. Significance 
at p<0.05 marked with * 
Ordered logit regression coefficient outside brackets, measures of significance in brackets. Significance 
at p<0.05 marked with * 
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SA1 (Centroid Containment) 
Table 17 Multivariate ordinal regression results for majority ethnicity and airborne 
pollution with all independent population variables (SA1-centroid containment) 
 Weight NPI TWA 
Ethnic majority 
(%) 
   -0.018 (0.000)* -0.018 (0.000)* -0.018 (0.000)* 
IER -0.001 (0.001)* -0.001 (0.001)* -0.001 (0.001)* 
Population Den. -4.811E-6 (0.446) -4.811E-6 (0.446) -4.811E-6 (0.446) 
Parallel Lines 
test (sig.) 
0.360 0.360 0.360 
 
 
  
Table 18 Multivariate ordinal regression results for majority ethnicity and airborne 
pollution with population density (SA1-centroid containment) 
 Weight NPI TWA 
Majority (%) -0.020 (0.000)* -0.020 (0.000)* -0.020 (0.000)* 
Population Den.  -6.97E-7 (0.904)* -6.97E-7 (0.904)* -6.97E-7 (0.904)* 
Parallel Lines 
test (sig.) 
0.398 0.398 0.398 
 
 
Table 19 Multivariate ordinal regression results for majority ethnicity and airborne 
pollution with IER scores (SA1-centroid containment) 
 Weight NPI TWA 
Majority (%) -0.018 (0.000)* -0.018 (0.000)* -0.018 (0.000)* 
IER -0.001 (0.001)* -0.001 (0.001)* -0.001 (0.001)* 
Parallel Lines test 
(sig.) 
0.152 0.152 0.152 
 
 
 
Ordered logit regression coefficient outside brackets, measures of significance in brackets. Significance 
at p<0.05 marked with * 
Ordered logit regression coefficient outside brackets, measures of significance in brackets. Significance 
at p<0.05 marked with * 
Ordered logit regression coefficient outside brackets, measures of significance in brackets. Significance 
at p<0.05 marked with * 
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Table 20 Multivariate ordinal regression results for minority (migrant) ethnicity and 
airborne pollution with all independent population variables (SA1-centroid 
containment) 
 Weight NPI TWA 
Ethnic minority 
(migrant) (%) 
0.018 (0.000)* 0.018 (0.000)* 0.018 (0.000)* 
IER -0.001 (0.004)* -0.001 (0.004)* -0.001 (0.004)* 
Population Den. 8.57E-6 (0.188) 8.57E-6 (0.188) 8.57E-6 (0.188) 
Parallel Lines test 
(sig.) 
0.113 0.113 0.113 
 
 
 
Table 21 Multivariate ordinal regression results for minority (migrant) ethnicity and 
airborne pollution with population density (SA1-centroid containment) 
 Weight NPI TWA 
Ethnic minority 
(migrant) (%) 
0.020 (0.000)* 0.020 (0.000)* 0.020 (0.000)* 
Population Den. -4.35E-6 (0.474) -4.35E-6 (0.474) -4.35E-6 (0.474) 
Parallel Lines test (sig.) 0.054 0.054 0.054 
 
 
 
 
Table 22 Multivariate ordinal regression results for minority (migrant) ethnicity and 
airborne pollution with IER scores (SA1-centroid containment) 
 Weight NPI TWA 
Ethnic minority 
(migrant) (%) 
0.018 (0.000)* 0.018 (0.000)* 0.018 (0.000)* 
IER  -0.001 (0.008)* -0.001 (0.008)* -0.001 (0.008)* 
Parallel Lines test (sig.) 0.040* 0.040* 0.040* 
 
 
 
 
  
Ordered logit regression coefficient outside brackets, measures of significance in brackets. Significance 
at p<0.05 marked with * 
Ordered logit regression coefficient outside brackets, measures of significance in brackets. Significance 
at p<0.05 marked with * 
Ordered logit regression coefficient outside brackets, measures of significance in brackets. Significance 
at p<0.05 marked with * 
120 
 
 
SA1 (Polygon Containment) 
Table 23 Multivariate ordinal regression results for majority ethnicity and airborne 
pollution with all independent population variables (SA1-polygon containment) 
 Weight NPI TWA 
Ethnic majority 
(%) 
-0.015 (0.000)* -0.016(0.000)* -0.015(0.000)* 
IER -0.001 (0.000)* -0.001 (0.000)* -0.001 (0.000)* 
Population Den.  -3.41E-5 (0.000)* -3.18E-5 (0.000)* -3.18E-5 (0.000)* 
Parallel Lines test 
(sig.) 
0.315 0.250 0.809 
 
 
 
 
Table 24 Multivariate ordinal regression results for majority ethnicity and airborne 
pollution with population density(SA1-polygon containment) 
 Weight NPI TWA 
Majority (%) -0.017 (0.000)* -0.017 (0.000)* -0.017 (0.000)* 
Population Den.  -2.566E-5 (0.000)* -2.411E-5 (0.000)* -2.395E-5 (0.000)* 
Parallel Lines test 
(sig.) 
0.194 N/A 0.001* 
 
 
Table 25 Multivariate ordinal regression results for majority ethnicity and airborne 
pollution with IER scores (SA1-polygon containment) 
 Weight NPI TWA 
Majority (%) -0.014 (0.000)* -0.015 (0.000)* -0.014 (0.000)* 
IER -0.001 (0.004)* -0.001 (0.009)* -0.001 (0.005)* 
Parallel Lines test 
(sig.) 
0.277 0.000* 0.002* 
 
 
Ordered logit regression coefficient outside brackets, measures of significance in brackets. Significance 
at p<0.05 marked with * 
Ordered logit regression coefficient outside brackets, measures of significance in brackets. Significance 
at p<0.05 marked with * 
Ordered logit regression coefficient outside brackets, measures of significance in brackets. Significance 
at p<0.05 marked with * 
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Table 26 Multivariate ordinal regression results for minority (migrant) ethnicity and 
airborne pollution with all independent population variables (SA1-polygon 
containment) 
 Weight NPI TWA 
Ethnic minority 
(migrant) (%) 
0.016 (0.000)* 0.016 (0.000)* 0.015 (0.000)* 
IER -0.001 (0.000)* -0.001 (0.000)* -0.001 (0.000)* 
Population Den. -3.73E-5 (0.000)* -3.50E-5 (0.000)* -3.46E-5 (0.000)* 
Parallel Lines 
test (sig.) 
0.231 0.107 0.077 
 
 
 
Table 27 Multivariate ordinal regression results for minority (migrant) ethnicity and 
airborne pollution with population density(SA1-polygon containment) 
 Weight NPI TWA 
Ethnic minority 
(migrant) (%) 
0.017 (0.000)* 0.018 (0.000)* 0.017 (0.000)* 
Population Den. -3.052E-5 (0.000)* -2.878E-5 (0.000)* -2.812E-5 (0.000)* 
Parallel Lines test (sig.) 0.142 0.704 N/A 
 
Table 28 Multivariate ordinal regression results for minority (migrant) ethnicity and 
airborne pollution with IER scores (SA1-polygon containment) 
 Weight NPI TWA 
Ethnic minority 
(migrant) (%) 
0.014 (0.000)* 0.015 (0.000)* 0.014 (0.000)* 
IER  -0.001 (0.014)* -0.001 (0.029)* -0.001 (0.013)* 
Parallel Lines test (sig.) 0.179 0.000* 0.000* 
 
 
 
 
  
Ordered logit regression coefficient outside brackets, measures of significance in brackets. Significance 
at p<0.05 marked with * 
Ordered logit regression coefficient outside brackets, measures of significance in brackets. Significance 
at p<0.05 marked with * 
Ordered logit regression coefficient outside brackets, measures of significance in brackets. Significance 
at p<0.05 marked with * 
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Appendix B: Full list of maps with distribution of areas by ‘Zero’, ‘Low’ and ‘High’ 
pollution across Greater Sydney   
Figure 1 Distribution of areas categorised as ‘Zero’, ‘Low’ and ‘High’ pollution across 
Greater Sydney (Weight by emissions-SA2 scale-centroid containment) 
 
Source: Generated in ArcGIS using data from the ABS (2011) and NPI (2011/12) 
Figure 2 Distribution of areas categorised as ‘Zero’, ‘Low’ and ‘High’ pollution across 
Greater Sydney (NPI risk scores-SA2 scale-centroid containment) 
 
Source: Generated in ArcGIS using data from the ABS (2011) and NPI (2011/12) 
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Figure 3 Distribution of areas categorised as ‘Zero’, ‘Low’ and ‘High’ pollution across 
Greater Sydney (TWA limits-SA2 scale-centroid containment) 
 
Source: Generated in ArcGIS using data from the ABS (2011) and NPI (2011/12) 
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SA2 (Polygon containment) 
Figure 4 Distribution of areas categorised as ‘Zero’, ‘Low’ and ‘High’ pollution across 
Greater Sydney (Weight by emissions-SA2 scale-polygon containment) 
 
Source: Generated in ArcGIS using data from the ABS (2011) and NPI (2011/12) 
Figure 5 Distribution of areas categorised as ‘Zero’, ‘Low’ and ‘High’ pollution across 
Greater Sydney (NPI risk scores-SA2 scale-polygon containment) 
 
Source: Generated in ArcGIS using data from the ABS (2011) and NPI (2011/12) 
125 
 
Figure 6 Distribution of areas categorised as ‘Zero’, ‘Low’ and ‘High’ pollution across 
Greater Sydney (TWA limits-SA2 scale-polygon containment) 
 
Source: Generated in ArcGIS using data from the ABS (2011) and NPI (2011/12) 
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SA1 (Centroid containment) 
Figure 7 Distribution of areas categorised as ‘Zero’, ‘Low’ and ‘High’ pollution across 
Greater Sydney (weight by emissions-SA1 scale-centroid containment) 
 
Source: Generated in ArcGIS using data from the ABS (2011) and NPI (2011/12) 
Figure 8 Distribution of areas categorised as ‘Zero’, ‘Low’ and ‘High’ pollution across 
Greater Sydney (NPI risk scores-SA1 scale-centroid containment) 
 
Source: Generated in ArcGIS using data from the ABS (2011) and NPI (2011/12) 
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Figure 9 Distribution of areas categorised as ‘Zero’, ‘Low’ and ‘High’ pollution across 
Greater Sydney (TWA limits-SA1 scale-centroid containment) 
 
Source: Generated in ArcGIS using data from the ABS (2011) and NPI (2011/12) 
 
Figure 10 Distribution of areas categorised as ‘Zero’, ‘Low’ and ‘High’ pollution across 
Greater Sydney (Weight of emissions-SA1 scale-centroid containment) 
 
 
Source: Generated in ArcGIS using data from the ABS (2011) and NPI (2011/12 
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Figure 11 Distribution of areas categorised as ‘Zero’, ‘Low’ and ‘High’ pollution across 
Greater Sydney (NPI risk scores-SA1 scale-centroid containment) 
 
 
Source: Generated in ArcGIS using data from the ABS (2011) and NPI (2011/12 
 
Figure 12 Distribution of areas categorised as ‘Zero’, ‘Low’ and ‘High’ pollution across 
Greater Sydney (TWA limits-SA1 scale-centroid containment) 
 
 
Source: Generated in ArcGIS using data from the ABS (2011) and NPI (2011/12 
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Figure 13 Distribution of areas categorised as ‘Zero’, ‘Low’ and ‘High’ pollution across 
Western Sydney (Weight by emissions-SA1 scale-centroid containment) 
 
 
Source: Generated in ArcGIS using data from the ABS (2011) and NPI (2011/12 
 
Figure 14 Distribution of areas categorised as ‘Zero’, ‘Low’ and ‘High’ pollution across 
Western Sydney (NPI risk scores-SA1 scale-centroid containment) 
 
Source: Generated in ArcGIS using data from the ABS (2011) and NPI (2011/12 
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Figure 15 Distribution of areas categorised as ‘Zero’, ‘Low’ and ‘High’ pollution across 
Western Sydney (TWA limits-SA1 scale-centroid containment) 
 
 
Source: Generated in ArcGIS using data from the ABS (2011) and NPI (2011/12 
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SA1 (Polygon containment) 
Figure 16 Distribution of areas categorised as ‘Zero’, ‘Low’ and ‘High’ pollution across 
Greater Sydney (Weight by kilograms-SA1 scale-polygon containment) 
 
Source: Generated in ArcGIS using data from the ABS (2011) and NPI (2011/12) 
 
Figure 17 Distribution of areas categorised as ‘Zero’, ‘Low’ and ‘High’ pollution across 
Greater Sydney (NPI risk scores-SA1 scale-polygon containment) 
 
Source: Generated in ArcGIS using data from the ABS (2011) and NPI (2011/12) 
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Figure 18 Distribution of areas categorised as ‘Zero’, ‘Low’ and ‘High’ pollution across 
Greater Sydney (TWA limits-SA1 scale-polygon containment) 
 
Source: Generated in ArcGIS using data from the ABS (2011) and NPI (2011/12) 
 
Figure 19 Distribution of areas categorised as ‘Zero’, ‘Low’ and ‘High’ pollution across 
Inner Sydney (Weight by emissions-SA1 scale-polygon containment) 
Source: Generated in ArcGIS using data 
from the ABS (2011) and NPI (2011/12) 
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Figure 20 Distribution of areas categorised as ‘Zero’, ‘Low’ and ‘High’ pollution across 
Inner Sydney (NPI risk scores-SA1 scale-polygon containment) 
 
Source: Generated in ArcGIS using data from the ABS (2011) and NPI (2011/12) 
Figure 21 Distribution of areas categorised as ‘Zero’, ‘Low’ and ‘High’ pollution across 
Inner Sydney (TWA limits-SA1 scale-polygon containment) 
 
Source: Generated in ArcGIS using data from the ABS (2011) and NPI (2011/12) 
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Figure 22 Distribution of areas categorised as ‘Zero’, ‘Low’ and ‘High’ pollution across 
Western Sydney (Weight by emissions-SA1 scale-polygon containment 
 
Source: Generated in ArcGIS using data from the ABS (2011) and NPI (2011/12 
Figure 23 Distribution of areas categorised as ‘Zero’, ‘Low’ and ‘High’ pollution across 
Western Sydney (NPI risk scores-SA1 scale-polygon containment 
 
Source: Generated in ArcGIS using data from the ABS (2011) and NPI (2011/12) 
135 
 
Figure 24 Distribution of areas categorised as ‘Zero’, ‘Low’ and ‘High’ pollution across 
Western Sydney (TWA limits-SA1 scale-polygon containment 
 
Source: Generated in ArcGIS using data from the ABS (2011) and NPI (2011/12) 
 
 
